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THis little Treatiſe contains more knowledge in the art 


ber of experiments, and they agree exactly with the calcu- 
lations he gives: but what proved moſt ſatisfactory to me» 


was their anſwering perfectly well when put into practice, 


in ſeveral line of battle ſhips and frigates, that I built 


whilſt I was in Ruſſia. 


CHARLES KNOWLES, 


of ſhip-building then any book hitherto publiſhed 
that I have met with: the principles the author proceeds 
upon are juſt and true; I have verified them by a num 
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: Their common ditection Is vertical. They could ng, Sou, 
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— 7 of its 1 ] | # 4 PH) T0007 M63 Id 
T's. heir centre of NN e point id ftv the floating” 
body; n 


2:6, Its centre af | gravity: is a te 5 dla of i Sagt 
of ſuſtentation. pris qr N 
3 gravity 

its, heavy parts, and of the fbrees applied te it is likewiſe alwdya/in 
this Pepe Becht of its pant af ſuſtentation, / when ' receiving che im- 
preſſion of thoſe forces, it remains fired in 4 Certain politiog.. - Dey 
are two equal forces which at oppolnely, and colt jn/equilibia.| 


2 The prot fic Freges n ,a 
abgve its point of — in chis 


(41 
an unſurmountable obſtacle to its tendency towards the earth's centre: 
all the other parts being by their coheſſons reſtrained to certain diſtan. 


ces from the former point, are kept ſuſpended” thereby. It is conſe- 
quently the point of ſuſpenſion of the floating body. 


$. III. The centre of its ſuſtentation being the centre of effort of 
the preſſures of the water againſt its immerged part, and its centre 
of ſuſpenſion the point of its capacity which is immediately and 
dicularly above its point of fallen tion; it 8 an unavoidable 

con equence that the mechaniſm of its motions is the ſame with that 
of the motions it would have, if at the time of the application of the 
lame forces, it were were ſuſpended in ar by on ſame om * it 


is ſufpended in water. 
h Id bo 3 ” 4 * / 
2 +. 4 „„ * "of * 
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4 I. When it-iniclines. | meg 

1. Its line of ſuſtentation is ** parallel t to de Peri en which 
paſſes through its actual point of ſuſtentation, and is at * ſame time 
Pitma lengtk of the ſide on which it inclines. 

-:2 Its axis of inclination is the parallel to the hogzen which paſſes: 
through its point of actual . and a all long jpepmbent, pa. 
„ me9cxnage Gap s 27 02 lau 45 inen 2 4 

3. — — eri uring its inclination, arcs or portions . f 


curves, to ont andther, whoſe; centre or focus is conſtantly 
im its axis of inclination, and. whoſe Keen, 480 ee to 


that axis. 195 2, * 


. N. a 14 at liberty to incline on All its ges, Niger be d to. 
have as; many. pollible lines of ſuſtentatibn and axes of inclination, as 
we can conceive diameters in two horizomal circles, which would be 


concenmick to its point of ſuſtentation and. its point of ſuſpenſion, * * 


$. VI... When it turns on itſelf in racking, the axis of ſuch circular 
motion is the perpendicular of its point of ſuſtentation, une N . 
parts deſcribe then arcs concentrick. to chat perpendicular. | 


8 VII. Any force whoſe direQion. is perpendicular to.the born. 


=? Augments its gravity, when it. is incumbent. thereon, or di- 


miniſhes it, — to elevate it. 
2. In producing or preventing its inclination, it. acts on a leaver 
equal to the diſtance between the line of its direction, and the ver- 


* re 
F. VIII. 
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. WII. Any force whoſe direction is hotizntalclaRsy” F.1d 

1. To move it horizontally.!:; : n eint 571, 3s 2 1 4 
2. It augments its gravity, when the, angles ef ineidenec of its 
line of direction on the ſurface of the body is acute, and below 
chat line; and it diminiſhes it when that angle is acute, and above it: 
but when the faid angle of incidence is a right one, it neither augments 


nor diminiſhes it. 
In producing or preventing its inclination, it acts on a leaver 


69 to the diſtance between its line of direction, and the horizontal 
Plane of the axis of the inclination which it aſſiſts or obſtructs. 

4. It tends to make it tack, or to obſtruct it in doing fo on — 

ual to the diftance between its line of direction, and the * 
cular of the actual point of ſuſtentation of the floating body. | 

But it is neceſſary to obſerve, that we are not to admit up force of 

a leayer in the quantity wherewith its gravity and the velocity of its 

horizontal tranſlations are 1 or e by" the forces Wh 


are applied to it. 


$. IX. eee has, 5 
1. Its abſolute power equal to the e ihe Point to 


which it applies its centre of effort, and the axis of the motion 1 

it produces or prevents. 

4. Its relative power equal to the length of the leaver. on which it 

acts, and which I have determined before in $. VII. and &. VIII. | 
3. Its abſolute moment equal to the product of itſelf, multipled 


by its abſolute power, 
4. Its relative moment equal to the product of eit. nn by 


its relative power. 


F. X. When ſeveral forces act upon it at the ſame time, 

1. It does not remain fixed in one- determinate inclination, except 
when the forces which produce its inclination, and thoſe which prevent 
it, are in equilibrio about the actual axis of its inclination. 

2. It does not remain conſtantly turned towards the ſame quarter, 

except when the forces which act thereon, to turn it in one ſenſe,” are 
in equilibrio with thoſe which-tend to tura it in an oppoſite ſenſe, about 
the perpendicular of its actual point of ſuſtentation. 
3. It does not an uniform velocity in its horizontal wanlla- 
tions, but when th I ate accompliſhed. .. | 
"5 oF 2 58. XI. 
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[4] 
$. XI. When ſeveral furves whith have different Yireftions, do act 
upon it at the ſame time, we make uſe of de rules | of the 
of tndtions, to determine the avis of the yr nmr ge 
they produce, and the line ef direction of its horizontal tranſlation. 
We make uſe of the fame rules, for reſolving a force whole dh 
tection is at the ſume time iticlined do its length and to the horizon, 


9. XII. SFr int of ſultentation. 
1. I conſider that its immerged part, bulk of water which 
it bas — — yi % 

the imtnerged part to be compounded of 2 
— — is the bulk. n diſplaces, in which 
centres of gravity are homo 
3. 1 divide them both * mind, into inlihitely ſmall vertical 
A and L obſerve; | 

That all the filaments, into which, I have divided the diſplaced bulk 
of water, are in equilibrio about the perpendicular of its centre of 


gravity. 
That the weight of each of them is perfectly equal to the force of 
the preſſufe of The Water, —— baſe of the vertical homologous 


filament-of the ic Part. 
That ſo, all the efforts of the prefſure of hs water againſt the 
baſes of the vertiele Alanients, into which I have divided the immerged 
art of the body, nnen bet d ge 


of its Centre ofavity, c: _ 


'$. XIII. To determine the height of the ſame point of Tultentation: 
I ſuppoſe, firſt, that the body floats on till water; that its parts 
above 2 ſurface of the water are annihilated; that its whole bulk 
conſiſts of homogene, inflexible, and ligtit as Air; and laſtly, 
that it is = by an external force, equal to the weiglit of the 
whole floating body, and applied on the plane of its flotation, in ſuch 
ſort that this plane be on a level with the ſurface of the water. | 

1 chen in my imagination divide this immerged part into infinitely 
chit höfteonkai ln or flices. I ſeize the firſt or loweſt ſlice by ita 


fides'; And n e pe from the external 
force, I obſerve. © 
1. That all the lives above tare, by the prefiure of the water, re- 


een 5 32 
2. 
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2. That to ketp this: fieſe ſlice in its 
a force equal to the weight of the bylk _— n diſplaces, . 

Then th firſt flice being in {ts former — dring che immmer. 
ged part under water 1 4 again che ded. af Ge ſecond lice 4 1 
Gilengage the immerged part from the external Force, and 1 Gs 
again. iN lei 10 
mu That all the Sides dbave i it are, by the preſſures repetled together 
towards the furface of the water.. 
2. That in caſe 1 bring che ſbeoad into an horizparal uation, and 
fine i its ſides; the firſt is by the preſſures of the water repelled 
| its baſe hid that in 64ddr Ws retain chem in their place, there 

18 required a force equal to the weight of the bulk. of water which - 
theſe two ſlices difplace. This -makes me judge that all the efforts f 
the preffures of the water agaikft d two ſiices, are wilted in che 
{econd. 
[repeat this experiment, from ſliee to flicd, Gude up Wehuowhicle Wees 
the plane of flotation of the immerged part; and I obſerve, that in calt - 
[ bring the flice which I ſeize, into an horizontal fituarion, All de Hees 
indir it are, by the preſſures of the Water, repelled againſt it: and that 
to retain it in the whter, there is requiſire a fores SH to che bulk f 
the water diſplaced by this lice, and by theſe under it; Which Makes 
me judge that all the efforts of the preſſures of cke Water anne 3 
ſeveral ſlices, are always united in that Whieh is u In a 
word, that the inflaitely thin one, which forms the plane uf Seien 
js the only one which — ——— to the weight of the Hole 
bulk of water, diſpla merged part of the floating body, 
to keep it undet water, pd on a rel with" the ſurface of the Wart: 
whence I conclude, that all the dirs of the preſſures of the water 
againſt the immerged part, are united in the plane of flotationy and 
conſequently, that it is in this plane that their centre of effort felides.”- 


XIV. But the floating body has For its point 6f ſuſtentatich, the 
e e bogs wy the water, (J. I. Preced.) and this 
centre of effort reſides in the perpendicular of che centre. of gravity 
of its ichmerged part, (S. XII. preced.) and in the plane of .its flota- 
tion Cg. XIII. preced.) The floating body therefore, when it flonts on 
till water, has always for its pin of fupport, the point of ſection 

of the vertical of the centre of gravity of the Pere d i Ftuky . 
merged, by the plane of its actual flotation, © © 0 
Ihas likewiſe for the point of ſuſpenſion, the Point o irs rapaeity, 
which is imtnediately and perpetidiculaty above its point of Tultentatioa. 
($ 11. 


-there r 


(6] 

(F. II. preced.) It has therefore, when it floats in till water, always; 
for its point of - ſuſpenſion, the point of its capacity which is per- 
icularly and immediately above the point of ſection of the verti- 
cal of the centre of gravity of its immerged part by the plane of its 
actual flotation, * * 3 £11212 1 52881980 
And conſequently, its line of ſuſtentation, ſuch as I have deter- 
mined (5. IV. preced.) is always in the plane of its actual flotation, 
and its axis of inclination, ſuch as I have determined, ($. V. preced.) 

is always ſuſtained lengthwiſe on this plane of its actual flotation. 


8. XV. To be fatisfied that its point of ſuſtentation does always 
reſide in the plane of its actual flotation, . whatever the liquids be on 
which it floats, be they heavy or light, ſtagnant, current, or agitated, 
and whatever be the forces applied to it; I cauſe it in my imagina- 
tion to float on liquids of different weights, on ſtill and running 
waters, which I make it to paſs through; and finally, I commit it to 
the rage of the winds, and of an agitated fea, which lift it up ſucceſ- 
ſively to the top of waves of an immenſe height, and then let it down 
into deep abyſſes. To every quantity thereof immerged in theſe li- 
quids, to every height, and to every different ſituation which it ac- 
quires ſucceſſively, I mentally affix. for a ſingle moment, all the im- 
preſſions of the forces which act upon it, that I may have leiſure to 
apply to the part thereof that is actually immerged, all the experi- 
ments and demonſtrations, which I have mentioned in 5. XII, XIII, 
and XIV aforegoing : and I find, on Rep Jas: pe; threes th, the uns 
determination of the , continual reſidence of its point of ſuſtentation, 
in the point of ſection of the vertical of the centre of gravity of the 
part actually immerged, by the plane of its actual flotation, and to 
the ſame determination of its point of the ſuſpenſion, of its line of 
ſuſtentation, and of its axis of inclination. | 
S. XVI. We have even a confirmation of this truth, in thoſe ſmall 
enamelled figures, which are kept ſuſpended in water by the means of 
ſmall empty bubbles above their heads. In the various motions given 
them by ſhaking the bottle wherein they are contained, it is eaſy to 
obſerve an oſcillation, whoſe centre of rotation is in the top of the bubbles 
over their heads: a proof that their point of ſuſtentation is in that 
top ; and which confutes the opinion of thoſe, who ſuppoſe, that a 
ball plunged in water, in ſuch that the moſt elevated point of its 
ſurface be on a level with the ſurface of the water, has not its point 
of ſupport in that point of its ſurface which alone forms its flo 1 
33 5 ay 


poin 


Ow 


—_— 


int 


Nay farther: Let ſuch bubble be . in weight to tho bulk of water 
which it diſplaces When it is intirely: immerged, and let t be made to 
fem between two waters, provided it be big enough to render ſenſi- 
ble the different motions impreſſed on it. There will in this caſe be 
produced an oſeillation. which ſhall have its centre of rotation, in 
the moſt elevated t of its ſurface. This motion of oſcillation 
is common to all — bodies, when the forces which have — 
duced their er do ſuddenly abandon them. faxdw 0 


$. XVII. Fix ſucceſſively. at different heights. i in the middle. of the 
aides, of a rectangular concave, parallelopiped, two horizontal gud- 

geons, ſhaped beneath to acute angles, one on the right, and the other 
on the left ſide, and at every one of the different heights whereat 
you fix the gudgeons, ballaſt the parallelopiped, ſo as to make: it 
ink in water, till the lower edges. of the gudgeons juſt touch the 
water's ſurface, and when it is upright, ſhift part che ne o 
one end, in order to make it incline lengthwiſe. - 

1. Provided that. its inclination; phos. its baſe to remain all 5 — | 
water, the gudgeons will, in- its. different inclinations, , continue to be 
ſupported on the water's ſurface, . in the ſame manter as if they reſted | 
on a marble table. | 

2. If at each different height to which you fix ib gudgrons and the | 
quantity of its draught of water, you ſuſpend it in air by placing ns 
pins on two cuſhions of ſteel, and you then ſhift part of the weight, as 
before; theſe different experiments will make you y ſenſible of 
the three hypotheſes of the ſhifting of the point of ſuſtentation of-- 
any 9 — y in its inclinations. 21 

breadth of the ſide, on which it inclines, beg 7 0 

Its draught of water, when it does not incline= cv 7 

The ſine of the angle of its inclination = 0 0 hide 


5 A 


Finsr Hyrorass1s, The parallelopiped 1 eren in in water, 
point of N both before, and after its inclination. Aol 7h | 


* .& ® © 


| — 4 3 6 26. 

Which evidently proves, that its line of bib enden 4 Is axis 
of -inclination are before and after its inclination, ' the ſame in water 
and in air: for it has in air for the line of fuſtentation, that which is ter- 
minated by the points of the ſurface of the ſtcel gudgeons, on which 
ts iron · pins are ſupported,. and for the axis of inelination, the line 

which 


[8] 


which is terminated by the points of the ſurface! of) the ſteel | 
on which the are ſupported. Bu the on An 
tuation of the heavy parts of the opiped, and its inclination 
r water, its line of ſuſtentation, and the 
— — 2 — ee — 
two t in water, for its line 

that which it terminated by the of the ſurface of the 


water, on which the — * of its gudgeons are ſupported , 
and for its axis of inclination, that which is terminated by the under 


edges of the faid gudgeons: which is a farther proof of the determi. 
nation which I have giyen of the Tine of rr er and the axis of 


inclination of any floating body. 


- SxconD Hvrorhls!s. n abanarion. of che parallels 
piped ſhifts, during its inclinatian, towards the fide on which it in- 
clines, and its inclination. is leſs in water than in , with the ſows 
1 the ſame weights, henſorver that, 

1. Its given draught of water 1c J f. L 

2: Is given draught of wacer = le han c 2 


2 Ir given draught of water =cis greaer than IE? and that the 


. inclanion ara grate aan 7 2 2 

- Becauſe its line of fuſtentation and axis of inclination remains always 
in the middle of its length, when it is ſuſpended in air by its gud- 
geons, whereas when it | floats they are diſplaced, by a certain quan- 
tity, during its inclination, towards the ade to which it ny that 


ted & by che ſhifting of che weights, do aft, 
we diminiſhed by „ * by the ſame 
tity the be which thoſe of its parts which are 
oppoſite fide, and which have been ami d by che Big 0 
the weights : ſo that a leſs inclination © fufficient chad 
the equilibrium between the N fides the perpendie. 


Tus Hrrorxksis. The point u of {\ of the parallel 
in water towards as _—__ to a where- 


on it incl; F 
9 09 5 FU Es is greater than , 2.4 and the 


given 


my 7H + 5. as... 


FBR FTA 


F A 


8 F 5 
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| hos ſide 01 that on which, 1 it inclines.. . 


L 


gow ſine of the angle of its inclination == x, ib lef-than Y/ Jo =—2 07 
Becauſe that its line of ſuſtentation, and its axis f ĩnclination, do ro- 
main always in the midſt of its length, when it is ſuſpended by its 

ns in air, whereas When it floats, they ſhift, during its 


inclination, by a certain quantity towardg the: ſide oppoſite. to that 


whereon it inclines; that by their ſhifting they augment; by that 
quantity the length of the leavers on which thoſe of ita parts! which 
are on the ſide on which it inclines, do act, and which bas themſelves 
been augmented by the tranſlation of the weights; and chat they: do 
diminiſh, by the ſame quantity, the length of the leavers: whereos 
thoſe of its heavy parts do act, Which are on the appoſite ſide, and 
which have themſelves been diminiſhed by the tranſlatian of che 
weights; ſo that it muſt in waten undergo a; greater inclination than 
in air, to be able to reſtore l berueen tho! | oppoſite ſides 
of the perpendicular of its point of.ſuſtentation;;::o 11 4d | ng 00127 

It is neceſſary to obſerve, with regard; to all other. floating! bodies; 
that the configuration of their parts, which are ſucceſſively 
and the quantity of them that is plunged under water, have an; atbſo- 
lute connexion with the poſitign Sho N oi ſuch im · 
merged parts, and the ſhifting of their points of ſuſtentation, ah is 
ever relative n r e _ Au keen 


x. vH 


$. XVII. All the ing off the ee 
which when it is e dicular . 
of its immerged part pas 46 dug its © of he, 6 


portion of a curve, which has app e Se 0 * 
point of actual Apen et bag Pa _ 17 12 
1 & incline, 


the point of ſuſpenſion, Fung on * fide on eh 


always en ore and more «heir diſtance from the pripeadicylar | 


of this point of fuſpe enſion. Thoſe which are 
their didlance likewiſe _ this. (5 * da ahead . the 


t when it is erect, its e . 


M nts u ave den fp Sh whe 
perpendicular of t e a PHY 
Fe cy ſupported by its actual point 
remains dur 


e. inclination in tha -& 
city of the ee ine ag 
motion of the point in which it reſides, it moves” gl 


671 + The lat concluſion of I, 


L170 
more or leſs elevated. But by its motion it permits, occaſions, or 
hinders the overſetting of the floating body in the manner I am going 
to explain. 

Men's the caſe of the firſt hypotheſis, the floating body overſets 
upon the leaſt inclination, when being erect, its centre of gravity 
is in its point of ſuſpenſion ; becauſe — this centre of gravity turns 
on its ſelf, and gives no rehſtance to the forces which occaſion its 
inclination. 

2. The floating body overſees upon the leaſt inclination, whenever 
by the motion which its inclination. gives to its centre of gravity, 
this centre of gravity is tranflated without the perpendicular of its 

t of actual ſuſtentation on the ſide on which — body inclines; 

uſe from the inſtant it is on that ſide, its motion tends to remove 
it further and further from the perpendicular of its point of ſuſten- 
tation, and being continually leſs and leſs ſupported by this point of 
ſuſtentation, it concurs with the forces which occaſion the inclination, 
to overſet the floating body, which happens : 

In the caſe of the firſt hypotheſis, hen the Hosting body bei 
erect; its centre of grwieg is mo elevated chan- its pont of ful 

nſion 
oth the caſe of the ſecond hypotheſis, whew che floating body being 
* its centre of gravity is too much elevated above its point o7 

penſion to permit that the . , whereby this point of ſuſpen- 
5 Kate 6 ards the fide on which the body inclines, ſhould ex- 
ceed that whereby the centre of gravity moves towards the ſame ſide. 

In the caſe” of the third hypotheſts, whenever the floating body 
being erect, its centre of gravity is more elevated than its point 
of fahle, and when being below this point it is too little to per- 
mit that He quantity whereby it moves towards the fide 1 te to 
chat wherson the body inclines, ſhoufd exceed that whereby the point 
of fuftencation ſhifts towards the ſame ide. 
© 3%" The floating body may incline without overſertin whenever by 


2 motion which. its. inclination gives to its centre o gravity, this 


of gfavity is without the ndicuhar of ths point of its 
255 fultentarion on the fide" oppoſite to that on which the body in- 
clines; becaufe then this motion tends to remove it further and fur- 
ther from the perpendicular of its point of actual fuſtentation, and 
ati chen fo as to counter-balance the forces which occaſion its incli- 
nariob, on a leaver equal to the diſtance it is at from * perpendicular 
of ith fein of fuſtentaton v which happens, ay 
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In the caſe of the firſt. hypotheſis, when the floating body being 
erect, its centre of gravity is below its point of ſuſpenſion. 

In the caſe of the ſecond hypotheſis, whenever the floating body 
being erect, its centre of gravity is below its. point of ſuſpenſion ; 
and when it is above jt, but too little elevated for the quantity where- 
by it moves towards the ſide on which the body inclines, to come up 
ee whereby its point of ſuſtentation ſhifts towards the ſame 
And in the caſe of the third hypotheſis, when the floating 
being erect, its centre of gravity is below, and ſufficiently diſtant 
from its point of ſuſpenſion, for the quantity whereby it moves to- 
wards the fide oppoſite to that on which it inclines, to exceed that 
whereby its point of ſuſtentation ſhifts towards the ſame ſide, 

Now it is eaſy to apprehend from the foregoing recital, 

That the third hypotheſis is very diſadvantageous to it, ſince in the 
caſe where it takes place, its point of — ſhifts towards 
the ſide oppoſite to that on which it inclines. © oo 

That the firſt would be leſs diſadvantageous to it, if it could take place 
therein without the neceſſity of firſt paſſing through the third hypothe- 
ſis. In effect this firſt hypotheſis is impoſſible for the parallelopiped, 
when its given draught of water = c is equal to or leſs than 227. 


It cannot take place but when its draught of water is greater than 
but it is then neceſſary that it ſhould acquire an inclination 


great enough for the ſine of the given angle of its inclination = x to 
become =\/ 3c* — 2 4* without which its =_ of ſuſtentation 
would not be after its inclination, in the point w it was before. 
Finally, that the ſecond hypotheſis is the moſt advantageous of all 
to it, provided care be taken to manage its draught of water relative- 
ly to the configuration of its immerged part, and in ſuch fort 
1 its point of ſuſtentation be forced to ſhift towards the fide on 
which it inclines, from the firſt _ of its — vg" ad- 
vantage aſſuredly appertaining to oating opi ing 
3 its * of water leſs than the root of two thirds of 
the ſquare of half its breadth, by means of which the ſhifting of 
its point of ſuſtentation tends always to augment the length 
leaver on which its centre of gravity acts to oppoſe its iaclination, 
even though this centre of gravity be above the plane of its flotation : 
8 example whereof are lighters laden with hay, coals, or 
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5. XIX. From cheſt different "inquiries it appears that the Hosting 


body cannot propetly incline, unleſs irs point of ſuſtentation ſhifts, 
But to prove that the different ſhiftings of chat point of ſuſtentation 
produce no alteration in the — of its motions, I imagine it 
ſuſpended in air by the peint of a pyramid inverted, and by the he 
of an external force, and therein I make it ſucceſſively to run thru 

all the points which it did when ſuſpended in water.” And I obſerve, 
that during the applications of the ſame forces, it obſerves in air the 
ſame poſitions it before acquired in water; becauſe its point of ſuſpen- 
fion, ſuch as I determine it, being during each of the different poſi- 
tions which it acquires and obſerves, always in the perpendicular of 
the centre of gravity of its immerged part, the centre of gravity com- 
mon to its heavy parts, and to the forces which are applied to it, is in 
air, as in water, 1n that ſame perpendicular, my ſuſtained by its 
point of a dual fuſtentation. + 


. XX. It is true this laft demonſtration is called in queſtion, by 
hg, that if during the application of the ſame — I — 
tte point of my inverted pyramid to any other point I pleaſe of a 
perpendicular of the centre of gravity of the part that is immerged 
uring a determinate poſition, it will acquire the ſame poſition in 
air, becauſe the centre of gravity common to its heavy parts, and to 
the forces which are applied to it, will be equally upported by its 


point of actual ſuſtentation. 
This objection might have ſome foundation, if all the forces which 
occaſion or which, hinder the inclination of the body, had 


their direction perpendicular to the 4 becauſe the Jeavers upon 
which they would act, being always equal to the diſtances between 
the point where they apply their centre of effort, and the perpendicu · 

lar of its point of ſuſtentation, which is that of the centre of gravity 
of the immerged part, the height of this point of ſuſtentation has 
no influence upon the length of their Jeavers. But it is not the ſame 
with forces whoſe directions are horizontal: the leavets on which they 
act are always, equal to the diſtance between their line of direction 
and che horizontal plane of the point of ſuſtentation of che float- 
ing body. The experiments which I have mentioned, the demon- 
ſtrations I 5 brought, and the computations which 1 have been 


e in coriſtquence, do all of them invincibiy prove, that 
forces 
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forces whoſe directions are horizontal do act in occaſioning or impeding 
the inclination of the floating body, on leavers always equal to the diſtance 
between the line of direction of their centre of effort, and the plane 
of the actual flotation of the floating body; and that ſuppoſing 
its point of ſuſtentation to be more or leſs elevated than the plane of 
its actual flotation, it is impoſible to eſtabliſh the equilibrium which 
ſubſiſts between theſe forces, and thoſe which counterbalance them 
when the floating body remains fixed in a determinate ſituation. 


$. XXI. The mechaniſm which is the object of this eſſay is of too 
intereſting a nature, not to engage the greateſt geometricians to con- 


ſider and explain it, and to communicate to me their ſentiments 
on this ſketch of my principles. Indeed this mechaniſm, though 


practiſed at all times, by all nations, is not as yet rightly underſtood, . 


and yet on its laws it is that the goodneſs of veſſels only depends: 
they alone can furniſh the means to fix their proportions, the configu- 


ration of their immerged parts, the diſpoſition and proportions of their 


maſls, and their ſtowages, which are abſolutely arbitrary. As long 


as we ſhall be without ſuch laws, we ſhall never ſee a perfect veſſel, . 
nor be aſſured it has all the advantages which might attend its failing. - 
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EXPOSITIONS 
On the EXTRACT of the 
MECHANISM 
Of the MoTions of 


FLOATING BODIES. 


FA Kd. 4 


S al 0 the certainty and uſefulneſs fo; as the 


mechaniſm of floating bodies. - 
$. I. Of the point of ſuſtentation of floating 4 | Wo 911099 4 


When a body floats at freedom, in fil water, alt gromerticlans 
agree with me, 

1. That the efforts of the 3 of the water dre 
merged . are the ſole cauſe of * being upported 
buoyed up. The 

2. That they act. in a a vertical direction. | 

3. That the whole force thence ariſi equal. to the Ade wy the 
diſplaced bulk of water, to that of the Kon A back. and to the ſup- 
port which ſuch body requires. 

4. That their centre of, effort is e in the perpendicular of the 
centre of © gravity. or magnitude of. the 1 part of * 1 


1 


Alb 


ing body. 
5. That when ſuch body remains fixed in 2 ee er 1 


its centre of gravity is in the very ſame ty ſup- 


2. I. Of my extract. 7, w g. xl en, AM 10 
© Note, that by the centre of gravity or — of the immerged part, I mean 
the point where its centre of grayity would be, if it were bomogeye'! in all parts of 
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the centre of effort of the preſfures of the water. This 

— effort of the preſſures of the water muſt therefore in this 

caſe b have a force equal D the whole of that ariſing from their efforts, 

and to the ſupport which the centre of gravity of the floating body 

requires; it is therefore in this caſe the point of ſuſtentation of this 
centre of gravity ; and conſequently it is that of the floating body. 

But its force, equal to the weight of the bulk of the difplaced wa- 
ter, to that of the floating body, and to the ſupport which the float- 
ing body requires, is aquired at the inſtant the floating body diſplaces 
a bulk of water whoſe weight is equal to its own. Indeed this force 
ariſes ſolely from this; that it is the centre of the ſupports of the ſaid 

and is copſtantly determined by the weight of the bulk of the 
diſplaced water; the poſition of the centre of gravity of the body is 
no way concerned in it, it being ever the ſame whether the centre of 
gravity be in the perpendicular of the centre of magnitude of the im- 
merged part, or out of it, more or leſs above or below the ſurface of 
the water it floats on. The centre of effort of the preſſures of the 
water is therefore at all times the · point of ſuſtentation of the floating 
body, fince whatever be the poſition of the body, it is conſtantly the 
centre of its ſupports, having ever a force WN to the — which 
in centre of gravity requires, Kc 


5. II. Of the height of the point of eee of the floating =, 


The force of the centre of effort of the preſſures of the water, and 
the 2 of the point of ſuſtentation of the floating body being 
and the perpendicular of the centre of magnitude, in 

which 1 pls I place it, being * allowed by all geometricians , there ſeems to 
be no room to doubt of its conſtant reſidence 4 in the point of the 
ſection of this perpendicular by the plain of actual flotation of the 
floating body. In reality the Keight'? have aſſigned © to it is no ar- 
bitrary determination; but ſtrictly conformable to the laws of motion 
whereby, when one or more forces act at the ſame time upon the 
ſame body, their centre of effort is always in the point of ſection of 
the line of the direction of their common centre by the moſt extreme 
of che plains which are perpendicular to that direction, and terminated 
by the parts to which'they are applied. To be convinced of the truth 


8 this, when r remains at reſt in a given poſigiqn, 1 
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ſuppoſe its gravity to be annikilated, and ſupplied by ſome different 
force equal to it, and acting in the ſame direction towards the earth's 
centre being applied to the upper part of the body. Then I imagine 
the body to be divided into infinitely thin horizontal ſlices, which I 
ſuppoſe inflexible, I take it out of the water and cauſe it to be ſup- 
ed in air in the ſame condition and poſition, by means of ſprings, 
whoſe vertical direction is parallel to the direction ariſing from the ef- 
forts of the water's preſſures, and theſe are applied to all parts of the 
under ſide of the baſe, and about all the ſlices of which its in 
parts under the circumſtance of floating is compoſed. The elaſtic 
force which theſe ſprings acquire from their compreſfion, by yielding 
to the new torce which I have applied to the top of the body, is ex- 


actly equal to this new force, with which it is in eguilibrio; to the ſup- 


port which the body requires to reſiſt its impulſe, and conſequently to 
the whole force ariſing from the efforts of the preſſures of the water: 
moreover theſe ſprings have the ſame direction as the preſſures of the 
water, and they are applied to the very ſame parts; fo that, like them, 
they have their centre of effort in the perpendicular of the centre f 
magnitude of the immerged part. In reality, the new force applied 
to the top of the body has its direction in this perpendicular; and if 


it were not exactly ſuſtained there by their centre of effort, it would 


cauſe the body to incline and alter its poſition ; contrary to the hypo- 
theſis. 

Whilſt the body is ſupported by theſe ſprings, I ſieze one of the 
ſlices of the immerged part by its ſides, and diſengage the top of it 
from the force which was applied thereto; and this operation I re- 
peat from lice to ſlice, from the baſe quite up to the plain of flotati- 
on; and I do the like when it is in the circumſtance of floating, and 
with reſpect to every ſlice which I keep thus apprehended : I oblerve, 

15. That provided it be beneath the plain of flotation, all the flices 
which are above it, quit it, to yield to the efforts of the ſprings, or 
preſſures of the water which a& upon them, which informs me that 
they communicate to it none of the impulſes which ſuch efforts. im- 
preſs upon them. FI m 

2%. That if I ſieze that which forms the plain of the body's flota- 
tion, the whole body remains at perfect reſt ; whence I infer,. that 
the ſlices above the plain of flotation do not receive, either from the 
ſprings, or the preſſures of the water, any other impulſe than that 
which the ſlice of the flotation communicates and transfers to them 
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20 ] 


ſo that the re- union of the efforts of theſe ſprings, or preſſures, is ef- 
fected before their impreſſions reach the ſlices below the plain of flo- 
ration. 

39. That the force which I want to prevent any given lice from 
yeilding to the impulſes of the ſprings, or the preſſures of the water 
which act upon it, and upon the ſlices under it, is equal to their whole 
force; and that theſe ſprings, or thoſe preſſures of water, do con- 
ſequently, in fo doing, unite all their efforts. 

4*. That the force requiſite to keep the ſlice of flotation in this man- 
ner, 1s equal to the whole of that of the ſprings or preſſures of the 
water which act upon the whole immerged part; ſo that all their ef- 
forts are united at the ſlice of flotation, | 

59. That in like manner I prevent any one ſlice from yielding to 
the impulſes of the ſprings, or the preſſures of the water which act 
upon it and upon the ſlices beneath it, by applying a force equal to the 
whole force of ſuch ſprings or ſuch preſſures at the point of ſection 
of the line of direction of their common centre by that particular 

ſlice ; but that if I apply my force to any other point of the ſurface 
of ſuch lice, it will incline, and by ſliding away under my force, will 
eſcape together with the reſt of the ſlices beneath it; which gives me 
to underi that the centre of effort of the ſprings, or the preſſures 
of the water, which act upon theſe different ſlices, is in the point of 
ſection which I juſt now affigned ; and conſequently that the centre of 
effort of the ſprings or the preſſures of the water, which act upon the 
immerged part, is as I have determined it *, in the pont of ſection 
of the vertical of the centre of magnitude of ſuch immerged part, by 
the plain of flotation; inaſmuch as by applying a force equal to theirs, 
at this particular point of ſection, I Keep the whole body in the de- 
terminate poſition, whereas were I to act on any other point of its 
ſuface of flotation, it would. incline and eſcape away. 


$. III. Objefions obviated. 


To this determination of the centre of effort of the ſprings or preſſures 
of the water is objected the uſual manner of conſidering the gravity of a 
body as united in its centre of gravity ; a conlideration juſtified by an in- 
finite number of experiments, and which ſeems to point out the centre of 
magnitude of the immerged part, for the place of the centre of ef- 
fort of the preſſures of the water. But in the mean time, it is not 

| J. XIV. Of my extraft, 
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taken notice of, that this mode of conſideration can only take place; 
when the body is applied to a leaver, becauſe in that caſe, if every one 
of its gravitating particles be multiplied by that leaver whereon it acts, 
and the ſeveral products be ſummed up, it will be equal to the pro- 
duct of the whole gravity of the body, multiplied by the leaver of 
its centre of gravity, - Beſides, the expreſſion .commonly made uſe of 
on this occaſion is abſolutely improper, becauſe it calls that the leaver 
of the centre of gravity which is in reality that of the centre of ef- 
Fort. The miſtake wifes from hence, that theſe two centres have one 
and the ſame line of direction, and that the leaver of the centre of ef- 
fort is preciſely that on which the centre of gravity appears to act, it 
being equal to the diſtance between their common direction and the 
axis on which the body moves, ſo that the cuſtomary conſideration 
no way invalidates my determination of the centre of effort. Mine 
is general, and obtains alike in the caſe propoſed, and all others, 
whether the body moves towards a given place, or endeavours it, as 
when it reſts on another body which ſupports it, or endeavours to 
protrude, or ſtrike ſuch body: In all theſe ſeveral caſes, imagine the 
body to be divided into infinitely thin flices perpendicular to its actu- 
al direction, and then treat it according to the ſeveral modes deſcribed 
in the laſt F. and you will plainly perceive that its centre of effort is 
ever in the point of ſection of the line of direction of its centre of 
gravity by the moſt extreme of the ſlices into which you have divid- 
ed it, "Y 
Again, it is obj:Cted that treating a body according to my directi- 
ons, is deſtructive of the very nature thereof, and that ſuch diviſion 
into infinitely thin ſlices perpendicular to its actual direction, furniſhes 
me with a pretext for confining to one ſingle point, a property which 
is common to an infinite number of others. Take, for Inſtance, the 
body which I ſupport alternately in air, by ſprings, and in water, by 
the preſſures of that fluid, and they will tell you, that ſuppoſing as I 
have done, its gravity annihilated, and another foreign — ſubſti- 
tuted in its ſtead, I may put it in what poſition I pleate, by applying 
ſuch new force to whatſoever point of the perpendicular of the centre 
of gravity of the immerged part I ſhall think fit; provided I per- 
mit it to ſubſiſt entire, without disjoining its E y my diviſion, 
and the point to which I apply this new force, be, below the plain ot 
flotation ; or otherwiſe, dividing it as I do, this point be above the 
plain of flotation, But theſe two laſt objections have no better foun- 
dation than the former. They are calculated to aſcribe effects to the 
efforts of the ſprings, and the preſſures of the water, which really do 

D 2 nor 


not belong 


of the water 
part: but the 


roducing the union of theſe efforts at a given height. By 1 fi 
5 - cular connections, as — I divide the . 
poſed into infinitely thin horizontal flices, I have it in my power to 
get rid of every thing that is foreign to the object of my enquiry, 
far the inveſtigation of the effects which are produced ſolely by the 
impreſſions of the ſprings, or the preſſures of the water, and for the 
detefmination of their centre of effort. My diviſion, inſtead of inter- 
rupting their action, gives it the privilege of acting at freedom. It 
inſtructs me, that their direction being vertical, ſuch of their efforts, as 
the ſuperior parts, cannot of their own accord communicate 
themſelves to the inferior ones, ſo as there to eſtabliſſi their common 
power of purſuing them through 
theſe ſucceſſive impulſes, by means of which thoſe which act upon the 
inferior ſlices, are tranſmitted intirely 


theſe 


act upon 


centre of effort; it affords me the 


to them. 
two firſt Obſervations in the forego ing þF 
juſtifitation of my pt 


uc 
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I have indeed provided agamſt them by my 
. I ſhall here only add, in 
ocedure, that the horizontal connections of the 
body propoſed, are indiſpenſably neceſſary for the uniting in the ſame 
icular the ſeveral efforts which the 


ſprings, or the preſſures 
upon the length and breadth of the immerged 
perpendicular connections are abfolutely needleſs towards 


from ſlice to ſlice, quite up to 


that of the flotation, where they all unite z that being the higheſt of all 


thoſe to which it is applied, all the ſupe 


rior parts are utterly unconcern- 


ed therein, and are fo helpleſs and foreign to this purpoſe, that whe- 
ther I permit them to ſubſiſt, or intirely ſuppreſs them, or ſubſtitute 
ſome other body in their ſtead, the union of the efforts of the ſprings, 
or of the preſſures of the water in the plain of flotation, and the 
exiſtence of their centre of effort in the point of ſection of the per- 
pendicular of the centre of magnitude of the immerged part by the 
plain of flotation, will not be at all the leſs real. 


identity of the mechamſm of the leaſt compounded motions 
with: thoſe of the little figures which we commonly call 


& IV. Of the 
of "WE . 
eguilibres. 


The centre of effort of the preſſures of the water ſhould therefore 
be regarded as a ſteady, fixed and immoveable point of ſuſtentation of 


the floating 


body, fince it has at all times a force b equal to the ſup- 


port which the centre of gravity of ſuch body requires; and that it 


« 4. I. Of my extra, 
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ever reſides * in the point of ſection of the vertical of the centre of 


magnitude of the immerged part of the floating body by the plain 
of its actual flotation ; without a poſſibility of its being out * of that 
perpendicular, or above or below © the plain of flotation. 

This truth being eſtabliſned, ler us take into conſideration thoſe 
ſmall figures of wood or ivory which we commonly call eguilibres, 
fixed to inverted pyramids whoſe vertex ſerves them for a pivot; ſo 


that being placed upon a ſtand, they will aſſume an ered poſition, or 


any other you pleaſe, by means of a double counterpoiſe which hangs 
lower than the ſurface of their ſtand. Hitherto they have been — 
ed upon only as children's toys, and conſequently their mechaniſm 
has been unheeded by the geometricians, yet at this time of day they 
may be deemed not unworthy of their profoundeſt ſpeculations, up- 
on account of the conformity there is between them, and the motions. 
of floating bodies. | 2 

The little figure we are here conſidering, has for its point of ſuſ- 
tentation, that point of the ſurface of its ſtand on which the vertex: 
of its inverted pyramid bears; which point meets with, in its Fork 
of ſuſtentation, an obſtacle which its tendency. to the centre of the 
earth cannot ſurmount; the centre of gravity of the little figure, and 


all its appendages, however remote from it, are kept ſuſpended there-- 


by z- contequently this muſt be the point of. ſuſpenſion of the figure. 


That point of the capacity of a floating body which is immediate- 
ly above its point of ſuſtentation, ſuch-as I. have juſt now determined, 


meets with an obſtacle in that point of. ſuſtentation 4 which is likewiſe - 


as inſurmountable to its tendency towards the earth's centre, as is 
that which the vertex. of the inverted pyramid of the little figure meets 


with in that point of the ſurſace at the ſtand on which it bears. The 
centre of gravity of the floating body, together with all its connected 
appendages, at whatſoever diſtances from the point immediately above 
its point of futtentation, are thereby kept ſuſpended ; and conſequent - 
ly that point Huſt be the point of ſuſpenſion of the floating body. 

The parallel I have been drawing between the points of ſuſtentation 
and ſuſpenfion of the little figure propoſed, and of the floating body, 
appears to me alike fimple and evident. And I may readily, conclude 


from thence, that thoſe two bodies are in their motions ſubject to the 


very ſame laws. The following reflexions will put this matter be- 
yond all doubt, | 2 | | 2 
a f. II. Of . b J. I, and XI. of my extract. c Ibid. 

4 1. B. 07 — ask. e J. III. of my extract. . IV. Of my extract. 
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19, It has for a line of ſuſtentation, the parallel to the horizon 
which croſſes the ſurface of the ſtand, which paſſes through its point 
of ſuſtentation, and which is alſo parallel to the length of the ſide 
on which it inclines. 

29, It has for an axis of inclination the parallel to the horizon which 

paſſes through its point of ſuſpenſion, and which bears all along up- 
on its line of ſuſtentation. 
3. Its centre of gravity, and all its other parts, during its incli- 
nation, deſcribe arcs or portions of curves, which are parallel to each 
other, and have always their centre or focus in its axis of inclination, 
and whoſe ſurfaces are perpendicular to that axis. 

And as it is at liberty to incline on every one of its ſides * it may 
be conſidered as having as many poſſible lines of ſuſtentation, and 
axes of inelination, as we can conceive diameters in the two horizon- 
tal circles which would have its points of ſuſtentation and ſuſpenſion 

for their centres. ̃ 

When it turns round upon itſelf ® it has for an axis of ſuch circular 
motion the perpendicular of its centre of ſuſtentation, and all its 

deſcribe arcs or ſpirals whoſe centre or focus is ever in that per- 
icular. | 
All theſe ſeveral determinations of its lines of ſuſtentation, of the 
axis on which it moves, and of thoſe arcs or portions of curves 
which its parts deſcribe during its different motions, are exactly the 
ſame as I have aſſigned © in my extract on the mechaniſm of floating 
bodies, and they are confirmed by all poſſible experiments. 

That this parallel may appear the more evident, place a figure fi. 
milar to the former on a hollow bowl or diſh : ballaſt the diſh in ſuch 
ſort that the ballaſting may not ſhift during its various motions; and 
when it floats at freedom, and without motion, let the poſition of the 

little it ſuſtains be eret: Laſtly, let its centre be level with 
the ſurface of the water, and the common centre of gravity of itſelf, 
its ballaſt and little figure below the plain of flotation. Place theſe 
two little figures, the tormer on its ſtand, the latter upon ſtill water, 
and leave them at freedom: then will you perceive them to fall into 
an oſcillatory motion continually decreaſing, during which they will 
both preſerve the ſame point oſ ſuſtentation, and when it ceaſes, they 
will reſt upright. 1 . 5 

Twirl them round and their motion will be uniform. 

Laſtly, practiſe upon them the ſeveral operations ſpecified in my 

25. V. Of my extract. b 4. IV, V. and VI. Of my extract, «Ibid. 
WU extract 
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extract, of the leavers upon which the forces which are applied to 
floating bodies do act; of the motions which they impreſs thereon ; 
of the augmentations or the diminutions which they produce in their 


gravity; and you will find in all theſe . caſes, that the mechaniſms of 
their motions are regulated by the very ſame laws. | 


$. V. The identity of the mechaniſin of the moſt- complicated motions of 
floating bodies,. and of thoſe of the little figures commonly called equilibres. 


Hitherto I have ſuppoſed the floating body at freedom, in ſtill wa- 
ter, and conſtantly preſerving the ſame point of ſuſtentation; and I 
have drawn a parallel between it and a little figure fixed to a ſolid 
inverted pyramid placed upon an immoveable ſtand, When it is in this 
ſtate, I apply different forces - thereto, ſome of which put. it into va- 
rious inclinations z others cauſe it to run along the ſurface of its ſtand, 
and to turn round upon itſelf; others again make its pyramid to 
lengthen and ſhorten ſucceſſively, and move it all manner of ways: 
laſtly, others raiſe and lower its ſtand alternately, and impreſs vari- 
ety of motions thereon, by ſhifting it from ſide to fide. - Amidſt all 
its different poſitions I find, 19. that the mechaniſm of its motions 
cannot be- interrupted, either by the alterations of the point of ſuſten- 
tation occaſioned by its march over the ſurface of the ſtand, and 
the particular motions of the ſtand itſelf, or by the motions whereof 
they mutually participate, 29. That in conſideration of its pyramids - 
continually ſhifting its place and height, its point of ſuſpenſion is 
brought ſucceſſively before, behind, and to the ſides, at greater or 
leſs diſtance from its counterpoile, I perceive that the diſtance be- 
tween this point of ſuſpenſion and its centre of. gravity continually 
varies, but the mechaniſm of its motions remains ever the ſame; 
fince its centre of gravity is at no time, nor in any given ſituation, 
at all the leſs reſtrained to a like determinate diſtance from its point 
of actual ſuſpenſion, nor leſs conſtrained to deſcribe, in that ſame 
poſition, a portion of a determinate curve, whoſe focus is ever in ſuch 
point of actual ſuſpenſion, Nor are any of the reſt of its parts leſs 
reſtrained to determinate diſtances from the axis of its actual motion, 
or leſs conſtrained to deſcribe at the ſame time, portions of curves, 
neon foci are ever in the ſame axis, and their ſurfaces perpendicular 

reto. 

The different poſitions I have been ſuppoſing it to be in, are-abſo- - 


a . VII, VIII, IX, and X. Of my extract. 
lutely 
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1utely analogous to thoſe of a ſhip, according to the various action of 
forces upon her, augmenting and diminiſhing her gravity, according 
as the water on which ſhe floats is more or leſs light, and ſhe is 
more or leſs immerged therein, and her points of ſuſtentation and 
ſuſpenſion are more or leſs raiſed, Moreover ſhe cannot incline. any 
way without an alteration of her immerged part; ſo that her plain 
of flotation, the centre of magnitude of her immerged part, the per- 
pendicular of this centre of magnitude, the point of ſection of this 
rene, by the plain of her actual flotation, and conſequently 

er points of ſuſtentation and ſuſpenſion, are all varied according to 
the different quantities of her inclination, and her immerſion in the 
water. Whether floating * on ſtill water, running, or agitated; or 
again ſtopt in ſome certain place; now driving down a river, or on 
a lake, or the ſea, now expoſed to the fury of a moſt turbulent ocean, 
and alternately raiſed to prodigious heights, and let down to the low- 
eſt abyſs; in all this variety of circumſtances, ſhe is conſtrained to 
obey the different motions which the winds, the waves and, the ma- 
riners impreſs upon her. But before I ſuffer myſelf to be ſcar'd at 
this detail, I obſerve that her wake, her lee-way, and the particular mo- 
tions of the water which eſcapes under her, produce continual altera- 
tions in the volumes of water which ſucceſſively ſupport her. But 
19. That ſuch alterations ſhould be put upon a par with the altera- 
tions of the point of ſuſtentation of the little figure, and ſo cannot 
occaſion any interruption in the mechaniſm of her motions. 29. That 
it is juſt the ſame thing with regard to the motions of which ſhe 
participates in common with the water, on which ſhe floats. 3*. That 
as often as her point of ſuſpenſion ſhifts, the diſtance between 
ſuch point of ſuſpenſion and her centre of gravity is varied; but that 
the mechaniſm of her motions continues the ſame, becauſe, that 
every moment, and in every given poſition, her point of actual ſuſ- 
tentation is not a jot the leſs certainly fixed d, nor the leſs invaria- 
bly determined; the ſupport which her point of actual ſuſpenſion 
meets with, in that point of ſuſtentation, is not at all the leſs ſolid, 
or the leſs real; her centre of gravity is not a bit leſs confined to a 
determinate diftance from ſuch point of actual ſuſpenſion, nor leſs 
obliged to deſcribe in that determinate poſition a portion of a curve 
alike determined, whoſe” focus is ever in that ſame point of actual 
ſuſpenſion : in a word, all the reſt of her parts are equally. and alike 
ſubject to determinate diſtances from the axis of her actual motion, 


J. XV. Of my extract. v g. I, and II. Ibid, 
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nor leſs conſtrained to deſcribe portions of curves ſimilar and parallel 
to that which her centre of gravity, deſcribes, whoſe foci are con- 
ſtantly in that axis, and their —— perpendicular to it. The laws 
of the mechaniſm of the motions of floating bodies. are at all times 
conſtantly the ſame, although their effects appear co be, infigitely va- 
ried, The multiplicity of theſe effects has hitherto occaſioned a be- 
lief that the theory of ſuch mechaniſm. is a thing impraticable : hut 
it 1s an eaſy matter to reduce them to & very {mall number of claſſes; 
and when in each claſs the moſt rigorous circumſtance the floati 
body can be conceived in, is once a YOu up. 8 ref 
are of conſequence infallibly provided for. 


$. VI. 4 ſummary of my treatiſe, and the if e if my Ae, 


To explain my ideas the more evidently, 1 have begun my trea- 
tiſe with this of the mechaniſm of the motions of rhe little figures of 
which I have ſpoken in the foregoing ſection. I then come to un- 
fold my ſyſtem, the principles, and experiments wWhereon it is- found- 
ed: I draw the parallel between tho mechaniſm of the motions of my 
lictle figures, and that — the motions of floating bodies, and thence 
I proceed to the means for rendering my diſtorery of uſe in naviga- 
tion, to which effect I give inſtructions for performing the ara 
practical operations. 

19, To draw the platform of a ſhip from out to out. 

20. To draw the elevation from ſuch platform. 

30. To make a particular menſuration of her immerged part, pecu- 
liar to my ſyſtem, 

49. To know her point of ſuſtentation when ſhe is upright, or in 
as given inclination. 

59%. To ſtow her lading in ſuch manner as ſhall moſt increaſe the 
force of her centre of gravity, to ſoften her agen and diminiſh 
her N | 
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tion and ſuſpenſion; will put geometricians and mariners in a conditi: 
on to give to the immerged part of à ſhip the capacity which her in- 
tended uſe requires, and the propereſt figure for ſoftening her rolling, her 
balancing, and her other motions, and to inereaſe her power of carrying 
fail. Thy may fix the height- of ber maſts, and the extent of her fails; 
anſwerable to fuch force, and the ' proportions of her maſts, yards, 
. — and pullies, together with the trim of her ſails, according to 
the ſtreſs they are to endure, and to give her the moſt advantageous 
poſition for her tacking with caſe; to determine the manner of plac- 
ing her maſts ſo that ſhe ſhall be neither too ſtiff nor too eafy ; and 
that ſhe ſhall without any aſſiſtance of her rudder (her ſails bearing 
equally afore and aft) always run that fone of the compaſs to which 
ſhe has been ſet. By means of the eral proviſions, they will 
have every advantage they can wiſh for in her way of ſailing, | 
The various diviſions which. this firſt part contains, does not ap- 
pear ſufficient for making out the certainty and adyantage of the dif- 
covery I have made about the mechaniſm of the motions of floating 
— In the ſecond part, I ſhall apply this mechaniſm to a float- 
ing right angled parallelopiped, and I. ſhall furniſh the key of the 
s which are inſerted in my extract, to point out the caſes 
che the three hypotheſes of the diſplacing its * of ſuſtentation, 
do take place. | 
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of the mechaniſm of the motions of floating ber applet 10 4 bau 
| . ang led parallelopiped. ' 


s I. Preliminary obſervations. 
e propoſed floating right angled peraleopiped. 


NH EX the raren rater eine elect; en 
divided into. four. other right angled and equal parallelopipeds, 
by two infinitely thin vertical plains mutually interſecting each other 
im the middle; at right angles, "ons of which divides a. two equal 
e mache en een 
cording; to its breadt. 
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FIGURE the FIRST, 


Let BDOS be one of the two infinitely thin vertical plains, 

And when it is erect, let 
HDOP be its immerged part. 

HP its flotation. 

FL its draught of water. 

C the centre of magnitude of its 8 part H DO P. 

F its point of ſuſtentation. 

1. The perpendicular L a which divides the plain BDOS into 
two equal parts breadthwiſe, ſhews the common ſection of the two 
vertical plains beforementioned, ſince. they. cut each other in the 
middle. 

29, It paſſes through the centre of magnitude C, of the immerged 
part of "ho ropoſed - parallelopiped 2 the homologous parts 
of its oppolite des are perfectly equal and ſimilar; 

3®. Its point of ſection F by the plain of actual flotation H P is 
. 6 the your of ſuſtentation of the paraBopiped when it 
is e 

Let it then have a given inclination. 

B D The fide on which it is to incline. 

E F H The angle of its inclination. 

E DOM Is immerged part. 

E M Its flotation. 

r R and Ro different places of the centre 0 of magnitude of its inmerged 
part EDOM, in the three different hypotheſes which I am to de- 


ate, 


fF, T in the ſame . 


F Te point of ſuſtentation when it is erect, and the common ſetion of its 
flotations I P and E M and of the perpendicular L. a. 
„ EEE JF and R T perpendicular to E M, the 
a, and RA, and U A. 


he eh Ge KEE. whoſe ang le of incidence K F H to the parallel 
'H le be equal i that ofthe cn inclination E FH. | 
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When the paralicopped inelines on its fide B D, all its parts move 
at the very ſame time, the ſame way, and parallel to the plain BDOS, 
— 2 -- 3 | 

19. The centre of magnitude of its immerged part, and its point 
of ſuſtentation, do always precede, whilſt it inclines, and after its 
inclination, in the plain BD OS, which never fails co divide it into 
two perfectly equal and ſimilar parts. 

29, It has ever the ſame centre of magnitude of its immerged 
part, and the ſame point of ſuſtentation, as this plain: for if in my 
imagination I divide its immerged part into infinitely thin flices, pa- 
rallel to the plain BD OS, the immerged parts of thoſe ſlices will 
all of them form, when it is erect, right angled parallelograms equal 
to the immerged part HD OP of the ſaid plain; and when it inclines, 
trapeziums equal and ſimilar to the part EDOM of the ſame plain, 
which will then be immerged. All theſe flices will always, as well 
as itſelf, have the centres of magnitude of their immerged parts at 
the ſame height, and at the ſame diſtance from the ſide B D, and like 
it they will always have their points of ſuſtentation in the plain of 
flotation, at the ſame diſtance from the ſide BD. 

So that whatever I ſhall fay of the motions of the plain BDOS, 
of the diſplacing of the centre of magnitude of its immerged part, 
and of that of its point of ſuſtentation, ſhould be underſtood of 


thoſe of the propoſed parallelopiped. 
F. II. The three hypotheſes of the diſplacing of the point of ſuſtentation 
ea floating right angled parallelopiped flated. 


After the parallelopiped has begun to incline, it muſt turn upon 
its point of ſuſtentation F, ſince that point receives from the efforts 
of the impreſſions of the water, a force * mn the gravity of the 
parallelopiped cannot over- power; ſo that by this motion, | 
19. FE is tranfared w II; FJ to FL; and FM to FP, ſince 
dhe angles EF H. IFL. and MP are equal. % 1.54 
20. The centre of magnitudt of the part ED OM which is im- 
merged during the given inclination, may be, either in ſome point, 
as R, of the line E : or in ſome point, as 1 without the line FJ, 
towards the fide BD on. which the parallelopiped inclines: or in 
ſome point as R, without the | ſame line F, towards the fide 8 ©, 
oppulte ts the e 5D en 'which the parallelopiped inclines: now 
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that one of theſe three ſeveral reſidences of the tentre of magnitude 
of the part ED OM which takes place in the given inclination, de- 
pends upon that one of the three hypotheſes I have undertaken to 


demonſtrate, wherein the propoſed parallelopiped is with reſpect to 


the locality of its point of ſuſtentation. For the lines rf, RF and 
R F. are given perpendicular to E M, the flotation of the patallelo- 
piped in the — inclination. Wherefote they indicate the ſeveral 
caſes of the placing of the vertical of the centre of magnitude of the 
part EDO M which is then immerged; and conſequently their poin 
of ſection , F and F by the actual flotation E M indicate the al 
caſes of the reſidence of the point of ſuſtentation of the parallelopi- 
ped: therefore, 


HYPOTHESIS the FIRST. 


The right angled floating parallelopiped has one and the ſame poland 
of ſuſtentation F both before and after its inclination, whenever the 
centre of gravity of its part EDOM which is immerged during 
the given inclination, is in ſome certain point as R of the line F]. 


HYPOTHESIS the SECOND. 


Lad rg of ſuſtentation of the right-angled floati 

logram ſhifts during its inclination, towards the fide BD on which it "Mt 
clines, and is tranſlated into a certain point as f, whenever the centre 
of gravity of its immerged part E DOM, at the time it inclines, is in 
ſome point as r, without the line FJ, and towards the ſide B O. 


HYPOTHESIS the THIRD. 


The point of ſuſtentation of the right angled floating parallelopiped, 
during its inclination ſhifts towards the fide S O, — to the ſide 


BD on which it inclines, and is tranſlated into a; certain point as F, 


as often as the centre of magnitude of. the part ED OM, which is 
immerged during the given inclination, is in a certain point as &, 
without the line FI, and towards the ſide 8S Oo. 

Nate, 1 ſpall fi determine by computation, the ſbiftings of the 9 
nognitude of the immerged part E DOM of the Pai 
three bypotbeſes I haue laid dom. , Which ſbiſtings deing 1 fol 
determine thoſe of the points of ſutentation and 3 if the Po. 
— But in order to render my ſolutions the clearer and == -n 
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telligible to moſt capacities. I ſhall begin with an expoſition of the pyach 
tical operations which I have followed in my computations ; and independent 
ly of the general ſolutions which I ſhall give in algebra, I ſhall to each 
ſubjoin an example in ordinary numbers. It were to be wiſhed that geome- 
tricians, bo apply their enquiries to the mechaniſm of the motions of float= 
ing bodies, would give themſetves the like pains in behalf of thoſe who are 
to put their diſcoveries in practice. 

FS. III. Practical operations followed in the computations of the place of 
the centre of magnitude of the immerged part of a right angled floaing paral. 
lelapiped, in its various inclinations. b 

The parallel H P ſerving for a fixed line. 

The parallelogram HD OP has its ſuface equal to the product 
of its breadth HP multiplied by its height FL; its power equal to 
half its height FL; and its moment equal to the product of its 
ſurface multiplied by its power. Fad) 41 x: 
be triangle E F H has its ſurface equal to the product of its baſe 
FH multiplied by tbalf its height HE; its power equal to one 


third of its height HE; and its moment equal to the product of its 


ſurface multiplied by-its power. 

The triangles E F H, H F K, and PF M have their ſurfaces, their 
powers, and their moments equal; ſince their angles, and their ſides 
are ſimilar and equal; and their baſes in the fixed line H P. 

The trapezium E DO M has its ſurface equal to that of the paral- 
lelogram HD OP; ſince the triangle EE H to be taken from it, 
has its ſurface equal to that of the triangle PF M to be added to it 
for forming the parallelogram HD OP; and to get the moment of 
the ſaid trapezium we mult ſubſtract thoſe of the triangles PF M and 
H F K from that of the elogram H DOP; becauſe the triangle 
PF M makes no part of this trapezium, and the triangle H F K has 
its moment deſtroyed by that of the triangle H F E oppoſite to it on 
the other ſide of the fixed line H P, whoſe moment is equal to its 


Own. 

The diſtance between the parallel HP and the centre of magnitude 
of the trapezium EDOM, which is immerged during the given in- 
clination, is equal to the power of that — and conſequently 
to the quotient of the moment of the ſaid trapezium divided by its 
. The perpendicular L a ſerving for a fixed line. | The 
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Tue triangle E F K has its ſurface equal to the product of its baſe 
EK multiplied by half its height FH; its power equal to two 
thirds of its height FH; e its moment equal to the re 
its ſurface multiplied by its po 

The trapezium E DOM : its moment equal to that of the tri- 
angle E F K; becauſe the trapeziums F LD K and F LO M are 
equal and ſimilar; having their ſimilar ſides and angles equal. And 
they muſt likewiſe have their reſpective moments 'equal, having their 
common fide in the fixed line La. And finally that being on the op- 
poſite ſides of this fixed line, their reſpective moments conſequently 
deſtroy each other, and ſo are to be eftimated = o, . 
Tze diſtance between the perpendicular L a, and the centre of mag- 
nitue of the trapeizum E DOM, which is immerged during the 
iven inclination, is equal to the power of this trapezium, and con- 
f equently to the quotient of the moment of the ſame PF divided 
by its ſurface. 1013 


$ IV. A determination of the caſes kay the feſt hypotheſis of the 
ſhifting of the point of ſuſtentation of a- floating right-angled parallels- - 


piped, takes place. 
: P RO OS LTI ON. 1 


The floating right- angled parallelopiped has the. N point. of fu: 
tentation F, before and after. its inclination, whenever the height HE 
of its part E F. H, which.is. immerged during, i 7 g 1s equal 


to the root of the number which remains after f twice the 
of half the breadth; F H oe end © 8 from 
three times the ſquare of its water draught EI. 


Or, which is the ſame thing, if tue ſuppoſe, 3 Ac 31311, 
a= half the breadth FH of the fide on which it inclines., \ -- 
c = its draught of water FL when it is erer. 2 
x = the fine E H of the angle E F H ef uts incal l: 

It has the ſame point of ſuſtentation before and after i its  incinaivs 


whenever che fine of its. given eee e . 


The diſtance A F between the paralle] HP * the centre of mag- 
nitude R of the part ED OM which is re . the given 


—_— is = SL 
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To ſatisfy this firſt hypotheſis, the centre of m R of the part 


EDOM mig be. in the line FI: but the angle I FL — are 
gle BFH, ſince F] is perpendicular to EM, and FL is perpendicular 

P. The right angled triangles HFE and AFR are ore equal z 
ſo then 4 = the ſide FH of the triangle HFE: x = its fide 
EH :: 1. de ſide AF of the triangle AFR: 207 = its 


fide AR. Therefore, 3-*«the product of FH x AR = 7 2 


the product of E H Xx A F. So multiplying all by 6 : and dviding 
by x, I have 2 a*=3c* —x* and by tranſpoſition, x — 2 ==2,4*s 


which gives me x —= He <2 77, as I fuid before g. XVII. 


of my extract. Therefore in the caſe propoſed, the centre of mag- 
nitude of the part of the propoſed e which is immer 
during its given inclination, is in the line F: and pages) he ” 
parallelopiped has the fame point of ſuſtentation before and after 
inclination. Wien was to be demonſtrated. 


EXAMPLE. 


Let 2400 — to balf the breadth FH, o the on whic 
poſed parallelopiped bl th 2 23” 8 2 207 
2000 equal to its draugh of water F L when it is eref. 
"To have the height HE of the part EFH which is immerged 
wc, the giyen inclination, conformable to the determination [ haye 


* func Pe tion. 
multi ply the draught of water F L by itſelf and the product 
by 4 which x. do I 2000000. 

29, 1 multiply the half breadth F H by itſelf, and the produtt'by 2, 
which makes 11320000. 

30. From the firſt product 12000000 
I ſubſtract the ſecond 295555 
The remainder is 


49. L extract rhg ſquare e a —— 3 


height required = E — 692 50 


q 1 £ a i 
# 1 1 6 F q 
* 5 1460 * . ” 2 a . 4 SS &© 
A of df #» * & 


The diſtance A F between the parallel HP and the centre of n mag: 
4 f. II. Rregoing, 


nitude 


35 
nitude R is 950; and the diſtance A R between the perpendi cular 


15 a and the centre of magnitude R is = 277 1281292. Therefore 
100000000 


2400 — the fide E H of the triangle E F H: 692 8293239 = its fide 
10000000 


HE:: 960 = the fide AF of the triangle A F R: 277 1281292. 


10000000 


= its ſide A R; therefore 2400+2771281292, the product of F H * 


10000000 


AR is 26928 203230 the product of AF X HE. Therefore 


1 CO00000v 


c. which was to be demonſtrated. 


F. V. A determination of the caſes wherein the ſecond bypothefis of the 

diſplacing of the point of ſuſtentation | Jos floating "gb! angled NO 

piped, takes place. | 
PROPOSITION * 


The point of ſuſtentation of the floatin right . parallelo iped 
ſhifrs, whenever it inclines, towards the fi BD on which it inclines, 
and is tranſlated into ſome certain point, as f, whenever FL, its water 
draught when it is erect, is equal to the root of two thirds of the ſquare 
of the half breadth F H of the fide whereon it melines. 

Or, which is the ſame thing, i we ſuppoſe, gs” in "the foregoing article, 
Ha FL=c; and E H K. 

Its point of ſuſtentation ſhifts * during its indicator towards the 
ſide BD whereon it inclines, as Moon as its given water draught F L 
e is 2-2 f ebe 

3 15 ' SOBEL OE 
SOLUTION. 


The diſtance a F between the parallel H P:and the cone of mag: 
nitude r of the part 2 and the de, 2 Eee the — et 
W —— and the diſtance a r 


1% ene 


clr Load the goes af gn ris 25. x, 


„ # 


Nr eee byptſ te cen of on of u. 
| XVII Of ny extras 1 
1 part 


— 


36 
part E D O M muſt be in ſome certain point, as r, without: the line 
F J, towards the fide B D on which the parallelopiped inclines; it is 
neceſſary therefore that parallel a r which expreſſes the diſtance be. 
tween the centre of magnitude r, and the perpendicular L a, ſhould 
project without the line F: but the triangles HFE and a F 2 
are ſimilar; therefore a = ſide F H of the triangle HF E: x its 


ſide HE: : — = the ſide a F of the triangle a FZ: 22 


6 4 c 


== its ſide Z. Whereas the diſtance ar is = 22 24*x., it is therefore 
ac 


greater than the ſegment a Z by a quantity = _* * the ſegment 
6 a 


Zr, whereby the parallel a r projects without the — J. Therefore 

in the caſe propoſed, the centre of magnitude of the immerged part 
of the floating right-angled parallelopiped, and conſequently its point 
of ſuſtentation, ſhifts towards the fide BD on which it inclines, 
Which was to be demonſtrated. 

EX AMP LE. 

Lt 2400 be = its balf breadth F H. 
112 H E the fine of ibe angle HF E of its inclination. 

I multiply che half breadth F H by itſelf, and the product by 2 
— 29 roduct comes out 14529000: this I divide by 3 owe 
X N ere root of the quaticat 384000, which gives me the 
height F L of its water-draught, fucking L have Wan my . 
anon, = 4959 Bene. 


"The nes a F 0 parallel HP and the centre of magni- 


tude r is — 9215999200000 and the diſtance a r between the perpendicu- 


. 2 
lar La and e of magnitude r is = 921600000000 Therefore 


; 2257449740688 
4400 the fide P H of the triangle H FE. 1 S the ſide HE: 


9215992000000 — to fide F. trian le F x 921599920000 = 2 
| 94666g06;—i72 77 8 I of N. 8 2 2 "275 74497 46688 
to its fide a Z; inſtead of thediſtance ar — — Bl it is Ne 
n 225 744974 GB 


er cha the ſegment 2 , | by, quantity — $0900 gh 
— "whereby the-paralle] u r projeis without the line FJ; 
„ U, foregoing 


never- 


„373 


nevertheleſs the inclination propoſed i jn the example ig extremely 
ſmall, Therefore & c. which was to be demonſtrated. _ : 


PROPOSITION II. 


The point of ſuſtentation of the floating "right angled parallelopi- 
ped ſhifts during its inclination, towards the lide BD on which it 
inclines, and is tranſlated into ſome certain point as f. whenever its 
water-draught F L is leſs than the root of two thirds of the ſquare of 
the half 7 4 H, * the ſide on which it incline 
Or, which is the ſame thin we uppoſe, as in the oregoi artic 
FHS 4 FE = IE 2 5 4 foregoing i 
Its point of ſuſtentation ſhifts 3 2:during its inclination towards the 
ſide BD on which it it inclines, whenever its _ water re FL 
e e 22 "Be. 

= 
S 0 1 U 7:10 N. | 


Let = 


= to an e magni Fade. 
= to its Habt of water Fl. 3 e 


The diſtance a F berween the parallel H P and the centre.of magnitude 
r, being =3< — * td 


e ar between the perpendliculir Lid e of 


magnitude f, ia Ef. . 2 Therefore a = the ſide FH of 


the triangle, H FE: x =its fide EH; ; 3<=6fot 2 the 
fide a F'of the crinngle ee, E ach) ies fide 


sT 7 S 
a4 K j. 


#: it 


[33] 


#: if wete only equal, the given water-draught FL = f — » 
88 o, and the hypotheſis would not obtain. Therefore &c; 
which was to be demonſtrated. 


EXAMPLE. 


Zet 2400 be S a its 54 7 breadth F H. 
1 = the fine H E of the angle H FE of its inclination. | 
r959 = to its water-draught F L. * 
The diflance 'a F daf the parallel H P and the centre of mags 


nitude r is = 92224336, and the diſtance a r between the perpendieu- 


"9403 
kr L @ and the centre of magnitude r, is 92150 , therefore 2400 = 
22 5676800” 


the fide F H of the triangle H F E: 1 = its fide EH: : 92194336 = 


94932 

the ſide a F of the triangle a F Z: 92704390 = its ſide a Z, Where- 
2567 

as the diſtance a r ——— It is therefore greater than the 

225676800 

ſegment a Z by a quantity = 35564 — the ſegment Zr whereby 
2256768 | 

the parallel a r projects without the line F J. however the quantity 


$91794 whereby its water-draught FL i is in this example leſs than 


oc oo οο 


the root of 'two thirds of the ſquare of its half breadth F'H, and 
the intfidation I have ſuppoſed it to have, are W ſmall. There. 
fore &c._ which was to be demonſtrated. m 


[F9bit5d1 PROPOSITION 


The point of ſuſtentation of the parallelopi ped | wife duri 
inclination 2 the * B D on which it —_— and is tran E 


＋ 
ve eel Gimt vp Haig Fropyftions, 
— HV 3 « 
4 Its 


2 | 


* 


* | 


5 
8 
n 


[ 39 ] 

[ts point of ſuſtentation ſhifts * during its inclination, towards the 
fide B D on which it inclines, whenever its given water-draught FI. 
c, is greater than 2 « *, and the fine II E of its given inclina- 


3 
tion = x, is greater than J. 
SOLUTION. 


Let d be = pp amy 
y = an infinitely ſmall magnitude. | 
ine HE of the angle E F H of its inclination = / Ji®<7a*® + 
* | | 
The diſtance a F between the parallel H P and the centre of mag- 
nitude r, is =2*=4 = and the diſtance a r between the 
perpendicular La, and the centre of magnitude r, is = 24*4+2 a* 


"6 
Therefore w a = the fide F H of the triangle HF E: 4+ 5 K its 
fide E H : : . — = the ſide a F of the triangle a FZ: 
1443922 U — to its ſide à Z. But d is 
n "=. 72 | 5 8 
given e *—2 ; dis therefore 3 4 ʒ and ſubſtitut- 
ing this value of 4 in that of the ſegment a Z, I have it = 
1% di-6a*y=34 35>) whereas the diſtance a r is = 1 42 4* » 
T7 67 7 00 | Dise MONET 6% 
It is therefore greater than the ſegment a Z by a quantity 
be 24422 S the ſegment Z r whereby the parallel 

ac | "4 
ar projects without the line F J. In effect this quantity is a maximum, 
for the magnitude 6.c * y, is alone greater than 44 y; ſince d, which 
is given = 3<* —2 a * mult, accprding to r have a 
conſtant value equal to the root of the number left after ſubſtracting 
2 4 * from. ge.. Therefore &c, which was fo be demonſtrated, 
EXAMPLE. e 

Lat 2400 5% in baff breadth HE. | 
2000 S jts water aught F L. * " l 2. = 
6gz the Sne'H of the angie EFH js indination.. © | | 
= The diftance a R between th Parallel HP and the centre of mag 
nitude r, is = s; and dhe Giſtanoe 2 r between the perpendi- 


» . XVI. Of wy extrat. —Þ Solution of propoſition I, of this eftion. 
| cular 


- * * 


— — A 
——— — = —_ 


i - ts A tr — 
„%ẽü — — 


than the root of the number which is left after ſubſtracting twice 


40 


cular La and the centre of magnitude r, is = 6386589000, Therefore 
2 3049CO0cO 


2400 = the ſide F H of the triangle E F II: 693 = its fide E H:; 
92158co8 — the fide a F of the triangle a FZ: 6:555499:44 = its ſide 


9600 2 30420c00 
aZ. Whereas the diſtance a r is = 638668800co , it is therefore great. 

2 30400 00 y= 

er than the ſegment a Z, by a quantity = _133245® the ſegment Z r, Ml *© 


230400c00 = 
whereby the parallel a r projects without the line'F J. Yet this is 
an extremely ſmall magnitude, in compariſon of 2 „whereby 1 
, 00000 
have ſuppoſed the fine H E of the angle of inclination, greater than 
692329322 the root of the number left after ſubſtracting twice the 
ſquare of half the breadth F H, from three times the ſquare of the 
draught of water FL, in compariſon of the number two multiplied 
by the ſquare of the half breadth F H. Therefore, &c. which was 
to be demonſtrated. | | | 13 
$. VI. A determination of the caſes wherein the third Iypotbeſis of the 
ſhifting of the point of ſuſtentation of a rectangular floating parallelopiped, 
Mo >; | 
|  ITROEAGSSITEGON. 3 
The point of ſuſtentation of the rectangular floating parallelopiped 
ſhifts during its inclination towards the fide O S, oppoſite to the 
fide BD on which it inclines, and is tranſlated into ſome certain point 
as F, whenever its water-draught F L, being greater than the root of 
two thirds of the ſquare of its half breadth F H, the height HE 
or the part EF H which immerged during its inclination, is leſs 


the ſquare of the half breadth F H of the fide on which it inclines, 
from three times the ſquare of its draught of water FL, aboye the Wyre 

number two, multipled by the ſquare of the half breadth F H of the 
ſide on which it inclines... © 0 | of 
Or which is the ſame thing, if ue ſuppoſe as in the. foregoing propofiti- 
ons FH= 43 F L = C3 and H E = 3 8 15 | 92 * 
Its point of ſuſtentation : ſhifts towards the fide O S; oppoſite to the £W® 

fide B D on which it inclines, whenever its draught of water F L 

RES AI. XVII. Of my eh. 

on 90 given 


A 39 9 w , - Pp * 
23110 3 Yu 0 i & 46 


Js 
j 


141 
given = c, is greater than / 357, and the fine H E of the angle 
EF H of its inclination given ==, is leſs than /ig H 

 $0LUTION. 


Let d = 367222 
y =0 an infinitely fmall magnitude 1 is 
z = /ine H E of the angle of inclinatin E FH . =; 


"The diſtance AF between the paralicd HP und- de ume of Mag 
nitude R of the part EDOM, is =3©_—©-- LILY, | and the dic. 
tance A R between the perpendicular L a, I the 9 0 of magni- 

tude R, is = LDL | 


To fatisfy this third hypotheſis, it is neceſſary that the centre of 
magnitude of the part EDOM which is immerged during the given 
inclination, ſhould be in ſome certain point, as R, without“ the line 
FJ, - _ — — S O, which is oppoſite to the ſide B D, on 
which the parallelopiped inclines. But the right angled criangles 
HFE and 71 U we ſimilar, ſince the angles be, a0 Wan point 
F are equal: therefore 4 = to the fide F H of the triangle H F E: 


= to its fide HE: : E222 ie the fide AF of 
de triangle {4 F U: Ae 1 


6 ac 
fide AU. But à is given =to V rei; therefore d' :is'= 40 
30-2 4, and: ſubſtituting this value of din that of the fide 4A U, 


| have it = — —_— LD399m022 +2 whereas the diſtance AR 8 


6'@c 
= 2420 — 
SY the fide A.U' of the triangle A F U, is therefore 
een the diſtance AR. by a quantity = = 


6 2 
„ RU, whoſe fide AU projects without the centre of mag- 
Indeed this quantity is a Maximum: poo icy which 1 firſt . 


of all divide by y debe magnitudes which compole it; which . 
. == 34 


v g. U. Of my extract. =_ 


4 * 
* — © ® 
* 
con- 
- 


[42] 
-Eonſequently I obſerve that d is greater than y; for were they barely 
equal, then x given = 4— would be S o, the inclination of the 
parallelopiped would amount to nothing, and the hypotheſis would 
not take place, In conſequence of this obſervation I ſuppoſe y — 4 
—; _ ſubſtituting this value in the room of y, I have the quan- 
ity. . — 3 —4½ . —=6c* — 4a" —24* + dz + 2*, 
tity _ 7 Hi. I cauſe the three 
firſt terms of this magnitude to vaniſh, by ſuſtituting 30 —z72 3 
in the room of d, and I have it = dz+2z', which proves it evident. 
ly to be a maximum. Therefore in the caſe propoled, the centre of 
magnitude of the part EDOM which is immerged during the given 
inclination, and conſequently the point of ſuſtentation of the propoſed 
parallelopiped do ſhift during its inclination, towards the fide O $ 
oppoſite to the ſide B D whereon' it inclines, which was to be de. 
monſtrated. — 5 | 
1 Yer RET LV, 


witude R is = SEED and the diſtance A R between the perpendicu- 


| : 950 : * 2304000 
'= to its fide AU; whereas the diſtance AR is no more than 
= : this diſtance A R is therefore leſs than the fide A U 
of the triangle FU by a quantity . 928895 the ſegment where. 
5 ee, 2: AO 
by this ſide A U projects beyond the centre of magnitude R. This 

4 8 
however is a quantity extremely leſs than —=23- whereby 1 have ſup- 
poſed the fine H E of the angle of inclination E F H to be leſs than 
the foot 6922222 of the exceſs of three times the ſquare of the 
draught of water FL above twice the ſquare of the half breadth E H 
of the ſide whereon the parallelopiped inclines. Therefore &c. which 

was to be demonſtratec . 

105 & VI. 4 


Q R 828 2e = « a % _#- 4 oo 4 1 


, "2 


1331 
op ſuſpenſion of 4 — Arne eee. 4 . = 


aint. 
Note, The angle of inclination 7 a paralelopiped, wy of all other Joating 


bodies, may be known by means of a graduated ſemicircle, or by me ng 
the height E H of the part E F H which is immer ged during iti inclina- 
tion, and the half breadth F H of the fide on which it inclines. 
; The ſhifting of its point of ſuſtentation * not take place but 
in the caſes of Ww two laſt hypotheſes, 

With reſpect to the ſecond hypotheſis. 
© 49, The ſegment F Q of the parallel is 1 . of 
the parallel a r, are equal, fince they are parallels gy are terminated by 
two parallels f rand F Z. 
2%. The ſegment F f of the flotation E Mt, cxpreſics the diltance 
between the point of 10 0 F of the e Fea erect, 
and i its int of EG i, Pai gage it 
he triangle t⸗ 
point F is that of the — 5 4 e 
radius, or ſine of the ri bt angle F f fie TT? 
the complement of that of the x. oft, of th pra eh, T 
the ſegment F (LS the kyown aus x aged whe 

int of ſuſtentation F of the parallelo In n 
—_— of ſuſtentation f when 5 e 1 

This analogy 


ſion of a fl body —ͤ— 

ſhould fix the ion berween them, — hho the me · 
chaniſm of the motions of floating bodies. But as they are two in- 
finitely ſmall points, purely ARS 
to each other: e 

as united in one; and . the line 
axis of inclination of the floating 


r 


5. VIII. 05% on 4 ee 
une of 


[ 441 

Since the firſt hy potheſis cannot take place, but where the height 
E H of the part E FH which is immerged during the inclination of 
the 1 is equal to the root of the exceſs of three times 
the ſquare of its draught of water F L, above twice the ſquare of the 
half breadth P H of the fide on which | it inclines. It follows, in order to 
ſatisfy this firſt hy potheſts, 

19. That the draught of water F L of the paralſelopiped ſhould 
exceed the-root of two thirds of the ſquare of its half breadth: if 
it be equal to ſuch root, or if it be leſs than it ®, the paralletopiped 
falls within the caſe of the ſecond hypotheſis, | 

29, That in all quantities whereby its draught of water exceeds ſuch, 
root, chere is no more than one angle of inclination which can mary 
the firft hypotheſis. If this angle ſhould hap nnd iy to be too great 
the parallelopiped is again in the caſe of the potheſis: if i 
be too ſmall *, the wed x in the caſo te thin pots 

3”; That when arallelopiped is greater than its 
breadth, and its, dra 2 water r Fl. L. is 5. the ſame magnitude, 
or leſs than the root a of the ſquare of its half breadth, 
it is always in the caſe of the ſecond hypotheſis from the firſt moment 
of its inch z becauſe its breadth \s che marrowelt of alf the fidke 
on which i can poly. incline. But when „f rf water F L 
is equal to the root of two thirds of the ſquare of its half length, 
1 inclines on one of its ſides, it paſſes fucceſſively through all 1 

three hypotheſis; firſt through the third, then the firſt, and laſtly, 
the ſecond; provided that its inclination be ſufficiently great. So that 
it is by its breadth alone that its d of water ſhould be regu- 
lated, to ſecure to it the advantages of the ſecond hypothefis. I ſhalt 


pin fin, 
£617 oat vno 7 Boarrigy 
* 


prop. u. Ibid: 0 III 
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e. 5 Ae 


. | HDOP 


— 


8.20: 9 ome un” © £2. 099 non; 0p ans. 29 09 ws ets... 


. | 
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HDO P its inmerged part. W. Liane — A1 1 

F its point of ſuſtniatiuxcx . 

L a the perpendicular of its point of fuſtentation F. n 

I. J, X,. F, X, K, and G More plco of inden of ron nur 

rallrlopiped. | 

When it is cle let | 9 . IRVAEIAINNINS 

995 8 repreſent its poſton. | N 3 „e 2 1 ©2106 7 9 125; 
m its flotation.” . * 1003 An 2 * 1603 2 f 

e d o tn its immerged par. 

r, R and R different places of ths % contre of FIR 0 "the jure 
art e do m, in the — Hpotheſes which I have ated.” 

F, and F different places of its point of ſuftentation in the fame path. 
tt, RF, and RF the perpendiculars of the centre of ma ve et ite 
| r part, and of its point of ſuſtentation, in thoſe pot heſe s. 
Wr VK and g. eee 7. 
fa piped. 

As ſoon as it zins to incline, it turns * Ne 
tion F, and I confider b then, 'that all the points, oi irs capacity, which 
when it is erect, are pervaded by the cence VE deſcribe dur- 
ing its inclination arcs or portions of curves, which have conſtant- 
ly their centre or focus in its point of ſuſtentation. The point P bus 
its rotation on itſelf ; thoſe which are in Fa, above the flotation H P 


roach towards the ſaid flotation, and recede from the perpehdicular 
Co by * towards the ſide B D on which HP ck 
inclines. Thoſe which are in FL, below the flotation H P, approach 
likewiſe towards the flotation, and recede from tlie calar L a, 
by moving towards the fide 8 O, oppoſite to the BD on which 
the parallelopiped inclines. Bur when the parallelopiped is erect, its 
centre of garvity b is neceſſarily in the 1 dicular L a, perſect- 
ly ſupported by its point of actual ſuſtentation. And as it remains 
during the inclination, in the ſame point of the capacity of the paral- 
lelopiped, wherein it was before; it is then ſubject to the motions of 
the point in which it reſides, and its motions are various, as it is 
more or leſs elevated : Poke git produces, or pre 


rents the over. ſetting of the 3 
It its it when it is in perpendicular of the point of actual ſuſ- 


tentation; becauſe it then We e and does not act on any leaver 
to counterbalance the forces which produce the inclination ; which hap- 


g. XVII. Of my extra. di, L Of he dſt are of th moment tf 


my extract. | | G 10qut Laval A 
© 4 5 


5 
i 
l 
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> 


f 469 
pra te cb of ho bt breathed ier 


when being at the height of J, it arrives at i the. in- 
clination ; and in that of the third es- he eight, ag 


__— 


r esC oat Se: icq. oi jm 


zat Ty 
e ef a manga | n it is. wich, 
out the perpendicular of the point of actual ſuſtentation, and on the 
ſide BD on which the parallelopiped inclines ; becauſe in 
as it moves towards that fide, it is continually leſs and lefs ſu 
by the point of actual — of which _— Wes 1. 8 the 
Nee when. it. js points 
8 5 * 3 15. 420 In Pa 
e W ben h bin the point T which is ſa 
8 My The FB Si Neto nba to t, to- 
878 Wed Jelopiped inc lines,. 1 it may ex- 
. e uſtentation towards the ſame 
2 66 be t y ypothe ,. not only when it is in the 
e e or 4 A5 We flotation, but when it is 
N 7 gion . 2 5 r e be, able 
85 8 7 Hoe e e uche 
on c in 
12 rds the lame ide — 
ation and i overictiing of the parallelo- 
hour ou the ndicular of the 5 of actu 
9 05 oppolite. to the fide B D on which 
OR 8 it, n endeayours to Ger 
roduce the inchination, and the leaver on 
is equal. to che diſtance of, it from this 
80 *. in th & of the firſt hypocheſis, its Jeaver 
equa he parallel y ES ES te at þ AK 
nd to g 4 98. gs A he caſe A the 54 hypotheſis, its 
leaver is equal to che parall 


is in X; to Ff when 

ih F, to, 1 in 5 0 to K 2 ben! it is in K; and to 

& 2 when,it.is.in C. Io the caſe of, =; 8 WD its Jeayer 
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greater ent in 
chi £ Faw his. whole ſegme ben F 


GCS ee ea wa» ee : an. ad. 


by 
N e e ſegmen a5 f d F F ae refs the dil 


tanters beecwcen the ndichlar SPI. and fra FR dconſequent= 
ly the ſecond hypothelis furniſhes longer leavers than the other two, 
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1 By makin ts e F L eee 
thirds of che ſquare of its half brad. 
. rr de r 44 im part 
ED OM which is im during its Sen oy 
wearer to the of its flotatian A when it is ee. In eſſtct 
the caſe of the ſecond propoſition of 3 ſaregoiug is che moſt ad- 
vantageous of all; fince the quantity Ff, wehoſerpoine of ſuſtentation 
ſhifrs towards the ſide B D on — — 1nclines is ener 
proportional 4 to the ſegment Z r, which when the parallel a r remains 
the 1ame,. is. by ſo 22 as the ſegment a Z is leſs. But 
this laſt s by ſo muck as the, cente af m 

part E D O N is Jeſs distant from the eee I. 
* to berdamdsſtynteg, 1 % C1 td a 

The centre of e the ü 
ſtill. gear the plane 0 flocation,. by /retreaching 
ſuch for example, as the triangles, K Nd and N. 
eng cannot be made, but at the expence of * 

merged part, and-of- the bulk of water which. it 0 Hu ane 
— uch bulk of water is cer au, to; dt the floating h . 
and conſequentiy to that of che counterpoiſe which, it meets with in 
ies centre of gravity; to oppoſe che forces which. produce its incl 
tion: and as it ſtands not lefs in. need of a ſtrong counterpoiſe chan of - 
an advantageous ſhifting of its point of ſuſtentation, when it is j, 
lupport great efforts; experience has given the preference to the ſquate 
2 above all other forms of building, for. floating e 
vſecl in maſting and: ſuch as are to,proguce- great gfförts: this in 

is that of all Du; t of the ams length, the ſame breagth,. > x the 
lame weight, which has the entre of magnitude of its e prghe. 
2»; XVII: om txtraft; 1 b Prep. I. ofig. . Mü... 
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neateſt to the plane of its flotation, and which inclines the leaſt undet 
the like applications of the ſame forces. 

An advantageous ſhifting of the point of fulteritition may likewiſe 
be ſecured to the parallelopiped, by every thing which tends to re- 
move from the perpendicular of its point of ſuſtentation when it is 
ere, the centre of magnitude of that part of it which is immerged 
during its inclination ; ſince the quantity Ff whereby the point of 
ſuſtentation ſhifts towards the ſide B D on which the body inclines is 
ing ch rtional to the 17 r*, and the ſ t a 2 remain- 

Len e Fe r'is: by ſo much we Fü as en 
erk yredier; ut is parallel ar expreſſes the diſtance between 
the perpendicular La of the point of ſuſtentation F of the parallelo. 
piped when it is erect, and the centre of magnitude r 3 wa 
E DOM which is immerged during the given inclination. Therefore 


&c. which was to be demonſtrated. 
Theſe demonſtrations are equaly applicable to all che caſcs of the 


theee hypotheſes, and to all floating bodies. 
ray be | 8. IX. Of the girdling of veſſels. | ” 


3 AE! ſhewn that by girdling a veſſel about thoſe parts of 
it which are near the plane of its flotation, its power to carry fail is 
increaſed. I here — to demonſtrate it by the principles I have 
eſtabliſhed, which I ſhall apply to the propoſed parallelopiped. 

Let. the triangles B K b and S M be a girdling applied to the vertical 


ah BDOS, and continued throughout the whole length of the propoſed 
Auld fre its immerged part when it is ere. - 

r its immerged part duringtbe given inclination. 

is continued throughout the whole length of the pa · 

RE. bod it tes apt hinder the vertical plane bK DOM, from 

dividing the parallelopiped, during its whole inclination on the fide 

B DO, into two parts perfectly equal and ſimilar, by which means this 
vertical-plane continues conſtantly to have the ſame centre of magni- 


tude of its immerged part, and the ſame point of ſuſtentation as the 
parallelopiped ; 8 this plane, is to be under- 
ſtood of the whole parallel 


19. The parallel H — 
$f oy mace — apczium E D O M that of the triangle 
HK h; and from their dum 1 fabrik the moment of che Figure 


a f. VII. Of my extract. 
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e K DO M, which is 2 during the given inclination: but the 
moment of the triangle H K h which I add, is a deal leſs than 
that of the trapezium E DOM. Moreover the ſurface of the figure 
eKDOM is greater than that of the trapezium E DOM. The quo- 
tient of the moment of ſuch figure e K DOM divided by its ſurtace 
is therefore leſs. than the quotient of the moment of the trapezium 
EDOM divided by its ſurface. But the former of theſe two quo- 
tients is equal to the diſtance between the centre of magnitude of the 
— e KD OM and the flotation HP; and the ſecond quotient 
the diſtance between the ſaid flotation and the centre of mag- 
21 ho wn iun ED O M: the diſtance a F between the flo- 
tation HP; the centre of magnitude of the part which is immer- 
ged during the inclination of the parallelopiped, is therefore diminiſh- 
ed by the girdling, the ſhiftin ng of the point of ſuſtentation to- 
wards the fide on: which the parallelopiped inclines becomes greater 
the leaver on which. its centre of OA. acts to oppoſe its inclination, 
and conſequently its power to carry fail are, Wann increaſed, 
which was to be demonſtrated. . 

25. The perpendicular I. a ſerving for a fixed bas. 

In the given inclination, whether the parallelopiped be girdled or 
not, the reſpective moments of the trapeziums FL D K and F LOM | 
mutually. deſtroy one another and are to be eſtimated o. So that if it 
be girdled, the diſtance between the centre of, magnitude of its im- 
merged part e KDOM and the perpendicular L. 4 is equal to the quo. 
tient of the moment of the triangle e FK divided by che ſurface of 
the figure e KDOM; and if it > hot * girdled, the diſtance e between 
the centre of magnitude of the immerged part EDOM and "He 

rpendicular L. à is equal to the quotient of the moment of the tri gle 
F K divided by the ſurface of the tra rrapezium m EDOM. But 1 
former of theſe two diſtances is the greater. In effact het FH 


FE xk; EI Se Me = #3, ren, ED OM at its 
ſurface == 24c;z; and. its. moment = s The ariangle e KE has itz 


ſurface. = xz;. and irs, moment i= IE: Lali, the diſtance: Fe. 
tween! the centre of magnitude of the figure DOH segn 


24 x + = ca > 


pendicular L @ is = _ — — — diſtance between 


this ame. perpendicular and the. centre F m de of The trapentam 
EDOM is = = I reduce-theſe qo diſtances to one denomination, . 


4 J. vn. Of my extract. 


and 
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and 1 have the former = mx and the ſecond 'S 


en T 


—— —— 


Gare Terz: I multiply them by Gacr-＋- gc; 1 ke * both 
za cx and divide their remainders by 2; which gives the firſt = gacy 
Tcxxz, and the ſecond == axx, and ſhews me that the former of theſe 
two' diſtances is a maxim; fince the part 2atx of its remainder is ſingly 


| -_ than the whole teac axx of P latter. In effect the fine H E 


of inclination EFH, expreſſed by x is at the moſt—c— the 

— of water FL. if it were . the baſe of the parallelopiped 

wa not remain entirely under water; which would be contrary to 
the hypotheſis,” and would require new and different computations to be 
brought into this memoir, Where I have nothing in view but to point 
out means capable to prevent floating bodies _ inclining ſo as to 
overſet. | So that by this ſecond" ady of girdling the parallelo- 
the centre of de of that part of it which is immerged 
ing its given inelination, is brought towards | the fide on which it 
— the * of its point of LES becomes more ad- 
van us , and its power to c it is conſequent! a 

Whick vs e, be demonftrncd. =” e 


ere 
34 5 N38 % SP * as - S - 


Let F 2.450; Ki 692: FL = 2006; 48 gh its ſur- 
face = 1 and its * = 2657280000, the triangle e * 
has its baſe = 1384 its altitude e G = = 30; its area =, 20760 
power = 2410, and its moment = 50031600: laſtly, he ©: 
e KDOM has its ſurface = 9620760, and its moment = 270731160, 
ſd that the diſtance berweeh the cenrre of magnitude of chis figure and 


the perpendicular La is t=- 07 251009 — whereas that between 
this ſame 


os 20760 — 
the centre of *rnagnitude of the trapezium 


„r 


E DOM is — S The former is therefore great · 


er than the latter by a quantity y g, and yet the girdling propoſed 
in the example is very moderate Eertore, &c. which was to be de- 
monſtrated. 


D t est. Al v⸗ : ; a u 4 28hygtbns 
As for ſuch as are willing to cary their inquiries farther, and make 
« compotidlos of the whole quantity whereby the centre of magnirde 
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of the which is immerged during the given inclination, is by the 
rains b 6 iped in- 
1 I ſhall xy 428 0g le the air, by admoniſhing 


1. That by ſuppoſing FH 4 1 EH=x, 8 and E G 
, the ſimilar triangles h K H, and e K G, give the parallel e G = 
— The triangles F E H and e G E, which are likewiſe ſimilar? 


give the ſame parallel eG = =. So that by means of this eq 
eee, and the parallel eG (= 3 * ) =242, 20. That 


Gm} 

FH = 2400; EH = 692; and h H = 14427 we 
hve e egen: E G =8 22, and the parallel e G = 30. 39. That 
the parallel HP ſerving for a fixed line, the reſpective moments of 
the triangles h E H and h K H mutually deſtroy each other, and are 
to be eſtimated = 0: the triangle E h N has its baſe EN double to 
the ſegment h H, and its power equal to two thirds of its altitude 
E H; and the triangle e NE has its baſe=NE, and its power 
equal t the ſum of the ſegment FH and of one third of its alti- 
tude Ge. 

As to the reſt, theſe truths and their demonſtrations hold pul iy 
all manner of floating bodies, and in ſuch efj A built 
* 


for the ſea: but notwithſtanding this — 7 advantage 
veſſels, as it conſiderably abates their wake, and r their 

we cannot too much avoid coming into it, and ſtudy to give 
them ſuch a form as that they may not require it. Now that I have 
laid down the laws of the ſhifting of the point of ſuſtentation, the 
geometricans and builders will be eaſily led into the Proper ſhape to 
anſwer this end : nor will it leſs contribute to abate the rowling, and 
the dip of ſhips than to increaſe their power to carry ſail, 


X. 4 i he ob the be 
GC ——— F "IN 


If, according to the experiments which I have propoſed in my ex- 
tract, and cauſed to be put in execution; the two  gudgrons by which 
it is ſuſpended in air, remain fixed in the middle of its length, 
its inclinations on its length, in the caſes of the two laſt hypo- 
theſes, ſhould be in air different from what they are in water, under 


2 Demonſtration | 
E 


* 


— * . — 2 — 


the fame applications of the fame forces. The demonſtrations which: 


ject them at the ſame time to the ſame ſhiftings as axis, I ſhall be 


both fluids, and ſuch as I have determined in my extract , and you 


point of ſuſtentation. 
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I have given of the ſhifting of its point of ſuſtentation in water, and 
the details which 1 have gone into in my extract, can leave no manner 
of doubt of this truth. | : 
WP FITS URNS--©. | | 
Tf during an inclination of the parallelogram produced by a force 
CE, whoſe direction OE AA. is horizontal, I apply to the ſides of 
its actual flotation, two horizontal iron pins, ſo as that they may pro- 
long the axis of its inclipation as I have determined ; and if I ſub. 


aſſured, that upon ſuſpending the parallelopiped in air by theſe two 
pins, it will there acquire the ſame inclinations as in water, upon the 
ſame applications of the ſame forces; becauſe its axis of inclination 
will be the ſame in air as in water, and the leaver of the force OE 
will, im both theſe fluids, be equal to the diſtance A A yy between 
its direction OE A A and the plane e m of the actual flotation of the 
parallelopiped. It is the ſame if the given inclination is produced by 
the horizontal force W, whoſe leaver, is in air as well as in water equal 
to the diſtance A V between its direction WAV and the flotation 
of the parallelopiped e m.: which manifeſtly proves the lightneſs of 
the objection which I have mentioned, and the ſolidity of the refuta- 
tion which I have given thereof in g. XX. of my extract. 

- In a word, of what kind ſoever are the forces applied to the floating 
parallelopiped, whatever are the inclinations which they give it; ap- 
ply two gudgeons to the extremities of its axis of inclination, as I have 
determined; ſubject them to the like ſhiftings as the ſame axis under- 
goes when it is a- float: whether you ſuffer it ta remain there or ſuſpend. 
it in air by its gudgeons, its inclinations in the air and in the water 
will be the ſame, under the ſame applications of the ſame forces, in 


2 1 as woo as OA ir at on is. io EET. 
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will perceive the laws of their mechaniſm in their different motions, 
to be ſuch as I have explained b. 

FIGURE l. 

Let the points r R and R be different places of the centre of gravity 

which is cammas to the heavy parti of the parallelapiped propoſed, and to 

the forces applied thereis, in the three hypotheſes of the ſhifting of its + 


” 


If at the inſtant that one or more external forces are applied to it, 
and whilſt it ſtill remains erect, I draw a line through the centre of 
„ IV, v, vu, and VIII. Of my e. bf. IX, X, and XI, Of my extrad. 

| gravity 
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gravity which is common to its heavy parts, and to the forces which are 
applied to it, and through the point where its point of ſuſtentation will 
be in the inclination produced by ſuch forces ; the angle of incidence of 
that line, or the perpendicular to the horizon which then paſſes through 
the ſame point of the future ſuſtentation, is ever equal to that of the in- 
clination which theſe forces produce. Thus the angle of its inclina- 
tion expreſſed by the angle E F His, in the caſe of the firſt hypothe- 
ſis, equal to the angle RF L; in the caſe of the ſecond hypotheſis, 
equal to the angle rf X; and in the caſe of the third hypotheſis, equal 
to the angle R FI; becauſe the angle E FH of the given inclination, 
is equal to that of the incidence of HP, which expreſſes its flota- 
tion when it is erect, upon E M which expreſſes its flotation in ſuch 
given inclination, The lines FIL, f X, and FY are to be ſuppoſed 
perpendiculars to H P ; the lines FR, fr, and FR perpendiculars 
to E M, and that of theſe latter, wherein the common centre of 

vity reſides, to be in the perpendicular of the point of actual ſuſtenta- 
tion of the parallelopiped, during the ſame given inclination. 


FIGURE-IE 
Likewiſe if during a given inclination, I draw the line g F from 
the point g, where the centre of gravity of the parallelopiped reſides, 
to the point E, where its point of ſuſtentation will be when it becomes 
erect, the angle g F L of incidence of the ſaid line g F upon FL. 
perpendicular to the horizon, which paſſes then through the future 
point of ſuſtentation F, is, for the reaſons which I have alledged, equal 
to the angle E F H of the actual inclination.. | 
The like practical operations applied to all manner of floating bodies, 
and.to all ſuch as are ſucceſſively ſuſpended in air, by different points 
below their ſummits, do equally furniſh the knowledge of the angles 
of their inclinations. | 
Finally, the ſeveral truths which I have diſcloſed, with their demo- 
ſtrations, are common to all floating bodies; and J ſhall entertain in- 
finite hopes of the ſucceſs of this memoir, if it ſhall be though worthy 
the attention of ſuch geometricians and builders as have been pleaſed 
to requelt it of me: if it impreſſes on them a due ſenſibility of my 
diſcovery of the mechaniſm of the motions of floating bodies ; if, in a- 
word, if gives them an idea of. the ſolidity and the ſimplicity of the 
theory of that mechaniſm, uſt ax ment with all 
periments, and the certainty and uſef of its practice. 
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